FIRE SUPPRESSION BACKGROUND [0001] Fire occurs for many

reasons including unattended cooking, failure of an electronic device,

improperly stored combustible materials and etc. Fire suppression

systems such as sprinklers, consisting of water supply, are commonly

installed in buildings to at leg&3R®BIFIFRESHIWESS fire at its incipient

stage before it develops further and results in damages to the properties

or before the arrival of fire brig@RSKGBRGPNKler system, consisting of

water supply, however, can only be used to extinguish or minimize certain
[0001]ypes-t fineufciditionalyredbeniyipislat By inkdae sysiervokday faf dheof an electronic

installation of a fire pump and this leads to exorbitant cost. [0002] In view
deviceyfi e dpeelyaitugedruoratiassitieanatorale vioe drop Rivesupprbsist effeetiveice as

suppression and extinguishing system. SUMMARY [0003] A fire
sprinkierppressistit G y$temeasstisuipsed tomneeinhotiifeehin Diidingsstioppieasiasuntrol or

system includes a first sub-system having a first suppressant and a
suppressdanpdisitbisyipiem stayengetorsécaeck Bppressanndireuiitei s uppragsaotthe

system further includes a control unit and a dispensing unit. The control
propentied cobéfole the aidchlort éireflthigatiest STimpspaatier tsystdine ¢oraifitisiy of water

suppressing phase to reduce at least a first element of the fire and the
supplydischarge, odtraneioonskdstappoasgaish tor ténfirdze e seiccydesugfdies sidditionally,

phase to reduce a second element of the fire. [0004] In another
the ty@nabepiimielet, systeatirequides wpp restsliegitineoisadiselpseg. dhidehisddads to exorbitant

includes supplying a first suppressant to the fire in a first suppressing
cost. phase to reduce at least a first element of fire. The method further

includes supplying a second suppressant to the fire in a second
[0002upphe sstmgqfitibes éotegeidycthersécandedlenpeov ok finep (OB nthesse: effettive fire

other objects, along with advantages and feature of the present invention
suppression and extinguishing system.

SUMMARY

[0003] A fire suppressant system is disclosed in one embodiment. The fire suppressant
system includes a first sub-system having a first suppressant and a second sub-system having a
second suppressant. The fire suppressant system further includes a control unit and a dispensing
unit. The control unit controls the discharge of the first suppressant to a fire in a first
suppressing phase to reduce at least a first element of the fire and the discharge of the second
suppressant to the fire in a second suppressing phase to reduce a second element of the fire.
[0004] In another embodiment, a method of suppressing fire is disclosed. The method
includes supplying a first suppressant to the fire in a first suppressing phase to reduce at least a
first element of fire. The method further includes supplying a second suppressant to the fire in a
second suppressing phase to reduce a second element of fire.

[0005] These and other objects, along with advantages and feature of the present invention

herein disclosed, will become apparent through reference to the following description and the



herein disclosed, will become apparent through reference to the following
description and the 1 accompanying drawings. Furthermore, it is to be
understood that the features of the various embodiments described
herein are not mutually exclusive and can exist in various combinations

acconmpadypegrotsaiaRs. BRHeESE RIS THOM2FsibbdEthiR W iddtaed@IA6d arious
the drawings, like reference characters generally refer to the same parts

embodireughdustribeddifiiariryisvysndiizolyterotiisivingrl ad orisncessandyctmbinations
scale, emphasis instead generally being placed upon illustrating the
and paprinegdlessof the invention. In the following description, various
embodiments of the present invention will now be described hereinafter,
by way of exampBROBIY DESORICEIGN QFNERORAPANGE drawings, in
which: [0007] Fig. 1 shows a combustion triangle; [0008] Fig. 2 shows an
[0006 EMbdnlitmedtaoiiadidi ke pefesstercisysieons RO igefdatsithevsame parts throughout
schematic diagram of an embodiment of a controller for a fire suppression
the diffystenvid@0 1@ I6dg tizdsineingssarsactt akorgsteihetiiatale, ehsphasishostane generally
of a controller for a fire suppression system; [0011] Fig. 4 shows an
being pradeedipenil hisaatisgens prinoiples [EOh2]ignbicsh olwsHiéubotliond nepdesaiiption,
[0013] Fig. 6 illustrates suppressant flow of angled and non-angled
varioudispiodingenisits; tae gr¢Sdit4hvagti dnshdivsoanbal tiestaitded bendiadftee miyolay of
fire suppression system. DETAILED DESCRIPTON [0015] Embodiments
exampde nehaiyittelafersmde ¢osthp @iczssnparsystednawingdjnie suppeiiession system

in accordance with the embodiments can be applied in various types of
[0007puildiigs] fedrogvg 3 combustion triangle;
[0008] Fig. 2 shows an embodiment of a fire suppression system;
[0009] Fig. 3a shows a schematic diagram of an embodiment of a controller for a fire
suppression system;
[0010] Fig. 3b shows an actual implementation of an embodiment of a controller for a fire
suppression system;
[0011] Fig. 4 shows an embodiment of a dispensing unit;
[0012] Fig. 5 shows flux-time curves;
[0013] Fig. 6 illustrates suppressant flow of angled and non-angled dispensing units; and
[0014] Fig. 7 shows an alternative embodiment of a fire suppression system.

DETAILED DESCRIPTON

[0015] Embodiments generally relate to fire suppression system. The fire suppression
system in accordance with the embodiments can be applied in various types of buildings, for e.g.,

offices, residential apartments, warehouse, or even to transportation vehicles such as aircraft or

ships. The fire suppression system can be either a permanently installed or a portable system.



offices, residential apartments, warehouse, or even to transportation

vehicles such as aircraft or ships. The fire suppression system can be

either a permanently installed or a portable system. 2 [0016] Fig. 1 shows

a combustion triangle 100. The combustion triangle is a simple model,
[0016fromEthe perseci vernbiisadio ntiagtoromderstendingiioa irgngiastssimple model,

fires. The combustion triangle illustrates the rule that in order to ignite and

from thelperepbicevegbifiestigiaag omendsrstielitgree lgrocieigsse fiveat, Thelcombustion
and an oxidizing agent, usually oxygen. Each element corresponds to a

triangRidikuefrtines tiiangle tifine ardtunaligmiecans winenafizeslequirotstiaee elements. The
combined in the right mixture. Preventing or extinguishing a fire can be

three dehmevedreyheatnfudharahananddifitiieagdemesuis EoxpgehmEath slgppeassorresponds
fire by depriving a fire of at least two elements which enables fire to burn.

to a sifRAIf théE igiadggbowsimefmatstaplyressicsvalystehe 2(0nkmacaercdembmedtin dmeright
embodiment. The fire suppression system, in one embodiment,

mixtueorepgissi figst rendi sgaiehithg alfisy séarbe a2 0eand b240maviagtinl wnié 86the
and at least one discharge unit (270a or 270b). As shown, two discharge

elementBitEatinants guppidss! fiRky byidepyivihg & filvendfeat déadiswbaedementtsyhich enables
including 1, is also useful. The number of discharge units may depend on

fire totherapplication, such as size of the area to suppress. Output ports of the
supply units are coupled to inlets of the control unit while the outlet of the

[0017Fontreiguisiews afiee dopgdrestiargsy/staits200 onaceonttettieneith dubiergtantiiment. The
tubing couplers can be used to couple the different components of the

fire suppsessinnTdysttung pfereekadi plent; compises Copymdtsdes o sybpsstehe220 and
couplers can be permanent or non-permanent couplers. Other types of

240, atodriitrg) sodt?68 stdiatdessstrel disch@pgeumip@s Oaroc@UprsAs sralam, two discharge
useful. The diameter of the tubes can be about 1/4 or 1/2 inch. Providing

units 2éde$ afeophevidect sPaowiditgpdiken sefubanaf dhaghdegeaurdterirdsigng 1, is also useful.
applications or requirements. [0018] The first sub-system supplies a first

The niinbsuphdestarggonite spgtdapemtheorfitse application, such as size of the area to

suppress. Output ports of the supply units are coupled to inlets of the control unit while the
outlet of the control unit is coupled to discharge units. In one embodiment, tubing and tubing
couplers can be used to couple the different components of the system. The tubing, for
example, comprises copper tubes or pipes. The couplers can be permanent or non-permanent
couplers. Other types of tubing, such as stainless steel or copper pipes, or couplers are also
useful. The diameter of the tubes can be about ¥ or % inch. Providing tubes of other sizes are
also be useful and may depend on design applications or requirements.

[0018] The first sub-system supplies a first fire suppressant to the system. The first
suppressant, for example, is stored in a first storage container 222. The first suppressant
suppresses at least a first element of fire. In one embodiment, the first suppressant suppresses or
removes the oxygen element of fire. The first suppressant may also be used to suppress a second

element of fire. For example, the first suppressant also suppresses the heat of the fire by cooling



suppressant, for example, is stored in a first storage container 222. The
first suppressant suppresses at least a first element of fire. In one
embodiment, the first suppressant suppresses or removes the oxygen
element of fire. The first suppressant may also be used to suppress a
the firsecoerdriBmeatiasfisapressaxacuphprides fasicnpisdasqTBBIsgas. The CO;
suppresses the heat of the fire by cooling 3 the fire. Preferably, the first
suffocatéspressandrebaty s schimad st (T 2) igasseldfeCOR2dritanaiesly avoids
the fire and also cools the heated contents. The use of CO2
leavingdvaptaaéiersbiraydisthalgpding a mess after being discharged. [0019] In
alternative embodiments, other types of first fire suppressants which
[0019Fupplhesftematiie astlibdi maygeotedenypss of firstdiretippalsynasistathirippresses at
may be used. The first suppressant may be in a gaseous or non-gaseous
least theroxyyehedsmzonvolefier dioptickr fetenexasgf €iréhadir desisppreBsafitstmaypressant may
include NO2 gas, water, FM200, dry powder and etc. [0020] The second
be in syiseyEemN3dt)asqupkdsmsechrag fivavdeppréssant Fotlexsyplentheltisst
second suppressant suppresses another or second element of fire. In one
suppressabhtdimaghincthee SEROgE Swatzre SHAPOGUPPessds, fodetample, the heat
element of fire. Various types of suppressants which suppress the heat
[0020ElemEh¢ secvbe subes)starnd Esapplienestctng Sieecuphressgmtastaatystem. The
comprises water or H20. The water, for example, can be discharged at
secondeup@etstahyoppregses ibibetypascohfirel suppressmaitd nvohe ttrabadimend the
or non-liquid form, which suppresses the heat element of fire or other
secondyquppretsaund puppsessts, that exeatimyajthedibareddemaeids$ fié fiNdacmuatgpebef
used as the second fire suppressant. To supply water to the system, the
suppresseatydvisch-syximss thayés elenEetctm denster dowce évodiniehtstigadeesnd
water to the house or building. Providing the second sub-system with a
suppressathirenEticenydtes sekbOd Jhppretsafurisxalmplasednlbed32hirDhe at ambient
control unit controls the first and second sub-systems. For example, the
tempecainteol Qihér ¢yprsal$ tine supratisamtsf Wieethat iar s etoncosulgsydfens, tehich
dispense the first and second
suppresses the heat element of fire or other types of suppressants that extinguish other elements

of fire can also be used as the second fire suppressant. To supply water to the system, the second
sub-system may be coupled to a water source 242 which supplies water to the house or building.
Providing the second sub-system with a container storing the second suppressant is also useful.
[0021] The control unit controls the first and second sub-systems. For example, the control
unit controls the actuation of the first and second sub-systems to dispense the first and second
suppressants when the system is actuated or activated. In one embodiment, the control unit
discharges the suppressants sequentially in first and second discharge phases. The control unit,
in one embodiment, discharges the first suppressant in a first discharge phase and the second
suppressant in a second discharge phase. The control unit can control the discharge phases

mechanically, electronically or a combination thereof.



suppressants when the system is actuated or activated. In one
embodiment, the control unit discharges the suppressants sequentially in
first and second discharge phases. The control unit, in one embodiment,
discharges the first suppressant in a first discharge phase and the second
[0022BUppressREhihaiFrean thdisetroyarphdisenarbes @Dl tifiestrphairabifiharging
discharge phases mechanically, electronically or a combination thereof. 4
other {{ASE32]flfirenamressditnanty tisodsnisefulniTeistinstrpesé4hau theslifeicient to reduce
phase. Discharging other types of fire suppressants may also be useful.
or elinTinetéizstlpisaseeshouidehesubidient Foredaoplgnsliffivria atleastdhé st
element of fire. For example, a sufficient amount of first suppressants

suppresisantidsheudiisiod digsta rtgpdaf audfitifivi chtraticition tedetheonebininieeat least the first
least the first element of fire. The discharge rate may affect the discharge
elemenuséfive. Foe disahpte, fatgmedy diffebiatigedisthargrayueniiple Binogt@mple, higher
discharge durations and vice-versa. [0023] In one embodiment, the first
dischapirasstediatdyeegats D@t drivisahaoymtl ofa€iéd2 shdtvgecigedtarge, for
example, can range from about 20 - 300 g. Other amounts of discharge
[0023pre dlsonasefibbdrmeetanefiestaihasd 23chakiyCRD-100eGn24B00f QCAIRD is
g may also be useful. For example, CO2 can extinguish a small stove fire
dischangthifo Sesangrie cad oaveediroth althacarg 8 atf gC OthshamoLiotntihdisciarge are also
longer period of time, such as at least one minute. Other amounts and
usefuldiratiommaly, alsoub20is @ity gn2driay gep@sdgor the Apglivayiats@benskfas For
other considerations, among which may include the type of suppressants
examplsed@ncoexisthashe saiell siavediremitthdirbesat thdsarhiowevandtaustbarge of
should be selected to effectively suppress at least the first element of fire
CO; shhikhcfatdiiizd dercolopgat pessd fthkensy ste madairl eashiond eniovter theuansounts and
suppressants used while still effectively suppress at least the first element
duratiaf fireyrelsoltx insesmalher roayriepeiod optiet apysieation[@OR4] llasartieer considerations,
embodiment, the system is actuated by a mechanical actuator. The
amongmeticanmiwgl include the type of suppressants used and/or discharge rate. In one

embodiment the amount and duration should be selected to effectively suppress at least the first
element of fire which facilitates compactness of the system. For example, lower amounts
suppressants used while still effectively suppress at least the first element of fire results in
smaller or more compact systems.

[0024] In one embodiment, the system is actuated by a mechanical actuator. The mechanical
actuator may be incorporated into the discharge unit. For example, the mechanical actuator
maybe a heat-sensitive glass bulb. The actuator holds the discharge unit in a non-discharge or
closed position. When the temperature reaches or exceeds an activation temperature, the
actuator breaks due to thermal expansion. Breakage of the actuator activates or opens the
discharge unit, causing suppressants to be discharged. The activation temperature, for example,

may be about 93 °C. Other activation temperatures are also useful, depending on the application.



actuator may be incorporated into the discharge unit. For example, the
mechanical actuator maybe a heat-sensitive glass bulb. The actuator
holds the discharge unit in a non-discharge or closed position. When the
temperature reaches or exceeds an activation temperature, the actuator

[0025preaks slugrigtiesmbbeixpansiamn dieakagragitherpsusaticabotiviiRranechanical
opens the discharge unit, causing suppressants to be discharged. The

actuatactivatieraiapipatrtuceudor ekamikd |y meyl dugratroesHadi€al P dres@ctivasisrature and
temperatures are also useful, depending on the application. 5 [0025] In

activatteheaijseeenbedi the ném ihaReuxiaeiialidaavadectocpedture. Various types of
electro-mechanical actuator. For example, the actuator electrically or

actuateteciueinag thanieasiyrsenseleeiiparatsaabd ugetivates the system when
the temperature exceeds the activation temperature. Various types of

[0026 pctuathesacsuatbras reaideeniaonespestiandist vatyesrian dmhlsesthéi 26 be activated
The actuator is provided for respective discharge units, enabling them to

indepdrelanttiva@ihe matedieynektivhs ¢ dutnatordigerationsedliadioamangyie als@ctuator can
useful. For example, an actuator can be associated with a plurality of

be assdisatedrgittunipdutalogvefr disergrge aras. fHORMr FEitarger sineavs a schematic
diagram of an embodiment of a control unit 260. Fig. 3b shows an actual

[0027]mpldtite Btastowsfas clomtrati cidiagam cefe amigotirkégs oBa-dnriinel cont@&d0. Fig. 3b
unit comprises first and second flow paths 361a-b. The first flow path

showsfiwves tiiahinfiptdrmdeta 862 od atbentrollehB&E0th B efe namgl tildvigpadh-Hotis €oormol unit
the second inlet 364 to the outlet. Output port of the first supply is coupled

comprisethriitshohbetoviui lH o ipmib 8 Bie-be ddred ssipibdyi patb fided foothdirseodeid362 to
inlet. The control unit controls the flow of the first suppressant from the

the oufiedt36fp pie tecond Hinohmthdlaniss e tihe Sesoribvnlpait4As flor todetecdmput port of
suppressant, it flows from the second supply to the discharge unit through

the firsheuppty rcctioplqoih tHe Giz&] i red méh Berhdplimnednih lsectiret siqwlgashcoupled to the
comprises a flow regulator 330 and a first supply valve 350 coupled in

secong@nles Hdtevemnirthefitstantaslatitk dlove fAkeshisthsypgneaspot B8 tie first supply to

the discharge units via the first flow path. As for the second suppressant, it flows from the
second supply to the discharge unit through the second flow path.

[0028] In one embodiment, the first flow path comprises a flow regulator 330 and a first
supply valve 350 coupled in series between the first inlet and outlet. As shown, an input 331 of
the flow regulator is coupled to the first inlet and an output 332 of the flow regulator is coupled
to an input 351 of the first supply valve. An output 352 of the supply valve is coupled to the
outlet of the control unit. Other configurations of components, including additional or different
components, in the first flow path are also useful.

[0029] The flow regulator, for example, comprises a pressure regulator to regulate the
pressure of the first supply. For example, the regulator controls the discharge rate or pressure of
the first suppressant, such as CO,, flowing through the control unit and to the discharge unit.

The regulator should be appropriately rated for the first suppressant. For example, non-freezing



the flow regulator is coupled to the first inlet and an output 332 of the flow
regulator is coupled to an input 351 of the first supply valve. An output
352 of the supply valve is coupled to the outlet of the control unit. Other
configurations of components, including additional or different

types ePraqelagntshioulaen dngictioor pibhargiagso Osefnlo e @29 othedanC o, is discharged
regulator, for example, comprises a pressure regulator to regulate the

at a preseseure abbther fivgt sumpthaFging sapppiesdit segthatoragoiselméyealso be useful.
discharge rate or pressure of the first suppressant, such as C02, flowing

[0030Fhrouttie thiescauppty vaivarid tndrendistihaigemajtoptioaakbginalodshouidsbee gauge
appropriately rated for the first suppressant. For example, non-freezing 6

to indiyge shefpregsusd @fstisi ivdd Joppressdfar Tirchpengal@3eivesns an on/off valve,
embodiment, CO2 is discharged at a pressure of about 7 bars.

controliaghatigiher shippresshnip@esdinerfluws sheasthrlygialstheepresstind. glRG3ALinction
The first supply valve, in one embodiment, may optionally include a

may bpriessyratedavigie;, far mdicqple, tihe Q@ssylimddrthe first suppressant. The
supply valve serves as an on/off valve, controlling whether the second

[0031uppxés saust titpeesot sengily eabyies The ipressuird-gaexgariplectiesumaly belve can be
integrated with, for example, the CO2 cylinder. [0031] Various types of

controdledphesisdves ibprelsetuselly Boelkexaopiectibeiclpplynvahesendivdienent, the supply
controlled mechanically, electrically or electro-mechanically. In one
valve eonfjydies entetrersicplbiycoathotl e suppbegadve eetiaenaalyl&; anérsligaly valve allows
supply valve. For example, the supply valve allows flow of suppressant
flow ahsopleaat tiotgh the mpydubd wesruthet pveastine @etseragiuthesigpeategreater than
than the pressure at the output. [0032] As for the second flow path, in one
the presswedirttenptpaomprises a second supply valve 370. The second valve
serves as an on/off valve to control the flow of the second suppressant,
[0032uchAssharatier séamdtiflewgeomdrsappBnthoduyenthé compakemit sadn dtyeply valve
discharge unit. Various types of supply valves can also be used. For
370. Exasaptadaveive sarveddisactiovaffneadie candntraktnd. flow of the second suppressant,
such as water, from the second supply through the control unit and to the discharge unit. Various
types of supply valves can also be used. For example, a one or unidirectional valve can be used.
The supply valve can be controlled mechanically, electrically or electro-mechanically. In one
embodiment, the supply valve comprises a mechanically controlled supply valve. For example,
the supply valve allows flow of suppressant through the input 371 to the output 372 when the
pressure at the input is greater than the pressure at the output.
[0033] As shown, the first and second flow paths merge after the respective components of
the paths. For example, the flow paths meet after the output of the respective supply valves.
Other arrangements of paths and components are also useful. For example, the first and second
sub-systems can have separate flow paths with separate discharge nozzles. Furthermore, the

various components of the control unit can easily be incorporated into a compact control unit

casing or box 368 having the size of, for example, a palm.



The supply valve can be controlled mechanically, electrically or
electro-mechanically. In one embodiment, the supply valve comprises a
mechanically controlled supply valve. For example, the supply valve
allows flow of suppressant through the input 371 to the output 372 when

[0034]he Pigs3wiRAs Hedmbatiimeneatel disandhe nrisstoe Fhéwisehapyd.UMR38nprises a
As shown, the first and second flow paths merge after the respective

flow contrgltunerds ofd theisshidrge nor HxaBPIET ibelloMaipathszaiesihaiterdindodiment,
output of the respective supply valves. Other arrangements of paths and

allowsfunperfistsasecalad suppletsirantexaniptthaigedissiandgietondppress the fire. In one
sub-systems can have separate flow paths with separate discharge

embodinzzigshé-visbiearyerazitie enables thedirpenpmisssiritwicloatralurtid bamlischarged at
easily be incorporated into a compact control unit casing or box 368

an andiavangdioé shoatd0 fosexaisthaeyjral e Til0OSHprégsahisitamiseaangles may also be
embodiment of a discharge unit 270. The discharge unit comprises a flow

usefulcontroller 480 and a discharge nozzle 485. The discharge nozzle, in one
embodiment, allows for the first or second suppressant to be discharged

[0035ht anFandiattowss fipsessdtber bind. floxetimeconhedi(flartcuhes)isORaryefiodzle
enables the first suppressant such as CO2 to be discharged at an angle

supprassage of edfluk 50rvédmaysalkaappliciideficsbtheppypssanhtapmtssaranglERIx, for
may also be useful. [0035] Fig. 5 shows first and second flux-time curves

examp(f xawesEs)d592dhb arhQOPoEyaptiessdmis Theoligx zunvesreagealsdt time. The first
applicable to other types of suppressants. Flux, for example, corresponds

curve &9 faecamespondsf tgagmiatflofisdisobag)e aninwisicedme nses timeuppresSesit, for
curve 592a corresponds to gas flux of a discharge unit which dispenses

examitee mrpemdssdant ofu lestantiplly, peypeediiclalatocusiabstamtidilgh the fire burns. The
perpendicular to surface on which the fire burns. The second curve 592b,

secondircancosdahcim adtivmias cembitdineeer molirespib ods ¢spgadsfioxges Hux of a discharge
discharge unit which dispenses the suppressant at an angle of about 50 -

unit wihditpersasfiesopprdskanttatan angle of about 50 — 60 ° to the surface on which the

fire burns.

[0036] The first curve indicates that the flux reaches its peak C2 within a very short time and
decreases quickly to a critical value CO at time T1. At or below the critical value, the
suppressant is essentially ineffective in reducing or suppressing fire. As for the second curve,
flux reaches its peak value quickly, like the first curve. However, the peak value is at C1, which
is much lower than that of the first flux curve which is at C2. The second curve remains at its
peak for a much longer duration and dissipates to the critical value CO at time T2, much later
than T1. This indicates that dispensing the suppressant at an angle is more effective and efficient
at suppressing fire. For example, the discharge of CO, gas at a desired angle such as 50 — 60 °
can envelop the fire effectively. A direct or near vertical discharge may not be desirable for
stove fires. For example, it can potentially spill or splash the overheated contents of a stove fire,

such as oil.



fire burns. [0036] The first curve indicates that the flux reaches its peak C2
within a very short time and decreases quickly to a critical value CO at
time Ti. At or below the critical value, the suppressant is essentially
ineffective in reducing or suppressing fire. As for the second curve, flux
[0037Teaclreg. BSipatlktianhpe lguitkdiratike iy shitmo®. oy evandieipegko why
value is at ClI, which is much lower than that of the first flux curve which is

dispergirg2hd heppesenet atisvieangloaiay ot itsoeeaskdizna e lgademdutidimnsed at an
and dissipates to the critical value CO at time T2, much later than Ti. This

angle,indeatizesthafhdispstosityadhisetpneasediin anthadie isThierg bétackedot air from
and efficient at suppressing fire. For example, the discharge of CO2 gas

the flaatef bewradagragtensithel flasme o dilercantienmedeyy thedffieve e chivelypplessant. This
direct or near vertical discharge may not be desirable for stove fires. For
requirexhinimde fiowantpovemshlgsspid iorsshiaeh dheoverhaaipassantdriagiapensed.
stove fire, such as oil. 8 [0037] Fig. 6 is an attempt to illustrate a theory,
[0038}vithdutdoatrastoured theitsuqup tessuhy iscisspensadicatiae sogleréssanitabantered by the
angle may be more efficient. When gas is not dispensed at an angle, it
hot airélguresthigtenyelostbato thesep@tsdhe flame avbting foenVélspsthedhnse This
hot air from the flame flows away from the flame, countering the energy
reducearttdlawpy thictisipprassaindxyies frequiheshighedilayanatés addittomethetsippressant
in a larger amount of suppressant being dispensed. [0038] In contrast,
can bendnanrthets tppcestea i ithel S penséat atan tarhgieydn oy edfecowitte peesbrycthef the
hot air flow of the flame. Instead, the suppressant flows around to
tempeaatved ppre shedlam e/cTduky iprddieessthle ey thel g arftehiéne ol dee'p laryaye e mirst
the surrounding air. In addition, the suppressant can be drawn into the
supplyceateniof i fivehstnddtznduen do dtuoygs tivy fédfee tenitie atasendé ik ttene time, there
temperature, pressure and velocity gradients along the centerline of the
IS a cofplnnoes Shirddinst eSieppfyocathenik suelippivhftoe favetoping tkeltipksritie thus reducing
flame temperature. At the same time, there
the supply of oxygen to the fire. Thus, oxygen can hardly be supplied to the fire from the air

above the “plume”. Once the flame is enveloped by the first supply, the fire can be extinguished
in a more effective manner.

[0039] In one embodiment, to operate the system, it is initialized. Initialization comprises
precharged the system with the first suppressant. In one embodiment, the first suppressant is
precharged at about 7 bars. Precharging the system with the first suppressant at other pressures
is also useful. Generally, the water from the water supply is at a pressure of about 2 bars. Since
the pressure at the output of the second supply valve is greater than at its input, the valve is
switched off. This prevents the water flowing beyond the second supply valve.

[0040] After initialization, the system is actuated when fire is detected. This causes the first
suppressant to be discharged. The first supply unit should contain sufficient amount of first
suppressant, such as CO; to reduce or eliminate at least the first element of fire. For example,

the fire can be distinguished within about 5 seconds and the discharge of the first suppressant



is a continuous shielding effect from the first supply flow enveloping the
"plume”, thus reducing the supply of oxygen to the fire. Thus, oxygen can
hardly be supplied to the fire from the air above the "plume". Once the
flame is enveloped by the first supply, the fire can be extinguished in a

such a0®, etetistep@nbeut[034tID Puemibodimenthtaiorerateehmsystemne first
it is initialized. Initialization comprises precharged the system with the first

suppresidpmrbsisgdischanectahoghgefib theofirSosLppEseaatisupreshaikghdrgé are also
about 7 bars. Precharging the system with the first suppressant at other

usefulpressexasple adbout eful 26egeralii0dhg 20280y fspautBe yvaigy sldpphy useditil. As the
a pressure of about 2 bars. Since the pressure at the output of the

amourstesfoD0 sinthlysuably arsateiidheduatdteoinphiteshel valveust, shétoressuedfin the flow
This prevents the water flowing beyond the second supply valve. [0040]

path résfteesninglthatipesdine Bysidunes eltwatie prbssuiierefithdgteotebsuppiessant or water,
causes the first suppressant to be discharged. The first supply unit should

the firsosupphysedi@dntvaiubeotodf fitsileshp peessastpplihaseGdvitchedwoe This results
eliminate at least the first element of fire. For example, the fire can be

in watdrstioginghradswthidnfitoabpathd secoeidg dischirgedibyhtheosischtingefrsit. The second

suppressant 9 such as CO2 can last up to about at least 1 minute. In one
suppressabochduens, dine: eimonateofHin bt esugmirefsE et Deersgpalisdisappestsza is

range from 20 - 300 g. Other amounts of discharge are also useful. For
dischaegeanpie] ledure 20 coRdHete |9 @it gsREI80g or 24-30 g may also be

useful. As the amount of CO2 in the supply container is reduced to a
[0041}hredRigld’ smowsianthepnasse eeribotdienéioio f pattiner achpressiévs Jystepre€©Euré he

is reduced below the pressure of the second suppressant or water, the
systentisinspipgdy & slypprisssioitchbe yrtfewhiigdthé eesdnsly siegpplyovaikeriplswgsiedar to the

on. This results in water flowing pass the flow paths and being discharged
systento2 (b eletisebed ge kigit 2T Adseapprdssap puissate methebete aan selinaboateks which

the heat element of fire. The second suppressant is discharged until the
activafaetie sobpystety texdisgrrishigtk suppressants. When the fire is completed extinguished,
the second subsystem may be switched off. Switching of the second subs-system can be
achieved using various techniques. For example, the second sub-system may be switched off
manually, using a timer or temperature sensors.
[0042] In one embodiment, a fire detector 794 is provided. The fire detector is coupled to
the actuator. Various types of fire detectors can be employed. For example, the fire detector
comprises one or more heat sensors. When the fire detector detects a fire, it sends a signal to
the actuator to activate the sub-system to dispense the suppressants. The actuator, for example,
can be coupled to the dispensing unit of the sub-system. In other embodiments, the actuator may
be provided at other parts of the sub-system. The actuator, for example, can comprise an
electrical or electro-mechanical actuator. Other types of actuators are also useful.
[0043] In another embodiment, the fire detector is coupled to a fuel source switch 798. The

fuel source switch, for example in a kitchen extinguisher application, can be a gas supply switch
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[0041] Fig. 7 shows an alternative embodiment of a fire suppression

system 700. The system comprises a suppression sub-system 704. The

sub-system, for example, is similar to the system 200 described in Fig. 2.

The suppression sub-system includes an actuator 718 which activates
whichtbensialls stionieodisparsedtieisyppsessasisolytemiby dise Iseeeafplet®k fire

extinguished, the second subsystem may be switched off. Switching of

detectthevaagoadi eubsisystedn seadskesigahiey etk ustogtyattosigitecbffiguetudrotpply
example, the second sub-system may be switched off manually, using a

switcHinB3r e e ato rideuppls. siVAdi2] 4 nhivaee Rimbodonting isutdecetectiminated. In
794 is provided. The fire detector is coupled to the actuator. Various

other éytieslohdine, datefitorsetaobeaprbplaygded-tr thrantpieothedifectietpplgrswitch.
comprises one or more heat sensors. When the fire detector detects a fire,

[0044]t sendsensignadddirtieatattteiatoiolrs aotivedactite isuthesystenl tmilispgriseelectrical or
the suppressants. The actuator, for example, can be coupled to the

electrahspensinglusunptienisuli-sysiample tibsogrhbealireentshéféoacpadiorcan be
may be provided at other parts of the sub-system. The actuator, for

electriextynpie|ecaroiceoharisRliin cettaiiehtos\el ettt rretotdepd riingodorvarious factors,
Other types of actuators are also useful. [0043] In another embodiment,

such athierfiedideteetopesatoedad/ oo jordéssirsauranawitoh sUpPrebkantiueftsdacsrs and
switch, for example in a kitchen extinguisher application, can be a gas

timerssupyplyessmidoydd tvifiacH icaaroldrgHe { dine teabvstore .oOtleandypieseat, ftephperature
sources may also be useful. The fire detector, when a fire is detected,

and prsesuls sessgraamiay the @otudedr (orevptetswl theshrelessgmilye pvessimeBy the first
turning off the fuel supply switch, a third element of fire is reduced or

supplyetionitagitedtol inditlaer amdood wh emppr ¢beaiter elatectoy vdmléehe derp(eatorégensor
actuator and fuel supply switch. [0044] In some embodiment, the various

sensescihnonEEnesure tideofiteol \Wiemthy teepbeatvicad fothestaetiobelevhahisathreshold
components. For example, the supply valves in the flow paths can be

tempeedtotricathabihelprseume ctaahasaibl @urattbistiatel suatsbirentiantirefsupply valve is
depending on various factors,

switched off and the second supply valve is switched on. This terminates the flow of the first

suppressant to allow the second suppressant to be dispensed. When the fire reaches below a
second threshold temperature which indicates that the fire is extinguished, the second supply
valve can be turned off. Alternatively, a timer may be employed to determine the period of
phase 1 and/or phase 2. In other embodiments, other configurations of sensors and valves may
be employed.

[0045] The system, as described, has been found to be very effective in suppressing fires,
particularly oil fires which generally occurs in kitchen. Additionally, the overall system is
compact. For example, the various components of the control unit can be fit into a casing of
about the size of a palm. Due to the compactness of the system, it can easily and inexpensively
be installed in residences. For example, discharge units can be located above the stove while the

remaining components can be located nearby. Furthermore, the system can easily be scaled as
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such as time limit, temperature and/or pressure or amount of
suppressants left. Sensors and timers may be employed to facilitate
controlling the valves. In one embodiment, temperature and pressure
sensors may be provided. The pressure sensor senses the pressure in the
neededifelr somppiyrcrRNtgipRedtonslicaieexampiat plivepRIesganissremaniEgpldyée in
the temperature sensor senses the temperature of the fire. When the
paralléeorpesiatylecspéttne With igrosiavaradingt dheephaissdeipsratonpsiedhat the
pressure reaches below a threshold pressure, the first supply valve is
[0046pwitcimestiefif enddiiensaotit sirpdyidedeeris svistoystehwtahtie tevmupiies For
the flow of the first suppressant to allow the second suppressant to be
examplis plenfiest. s\Whastie ¢ie ieantiagdpeteisna uacounch iy asieldxtdmyptatucentaining
which indicates that the fire is extinguished, the second supply valve can
the firbestipprestaft. Alteenativelgtattinaesenayrbactvapdayedite deirguishertfelowed by,
period of phase 1 and/or phase 2. In other embodiments, other
fore examfipy rationsd lgfaseinsting dneckseedves uhagy sterediposeeboye0dR] aféeof the fire.
system, as described, has been found to be very effective in suppressing
Alterriateslyp buib fisst yaadl fewamavbubhs gstaesadiyndiecinge pehdaitemidditatalhers which
the overall system is compact. For example, the various components of
manudHy seopeolialhyt acaivdiediit into a casing of about the size of a palm. Due to
the compactness of the system, it can easily and inexpensively be
[0047]nstalledliernativerobsd oertx s hedgstdis daarige used srcathdyea ppdegtbns.  For
above the stove while the remaining components can be located nearby.
examfeirthesysbes the Isy stechfoaappdisiyi dres stiade thas dil fireedédtfmugh the system has
commercial applications. For example, numerous systems can be
been desupilogekdsidispanaite suppreissglessystesh anidisepeaterhasagadddional phases can be
suppressants being supplied. [0046] In other embodiments, the first and
added sdaoredauples\ibtesysteraradad tewd pphsds Fey bxampleydt ddfirpesids by dtganse first
can be an independent unit, such as a fire extinguisher containing the first
and sesappseppacasanthatispdiree stdditipralibgresaf augtjvaseatiie dire extibgatbethereof.
followed by,
Additional flow paths in the control box and supply containers may be provided.

[0048] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the
claims are intended to be embraced therein.

[0049] What is claimed is:
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fore example, manually activating the second sub-system disposed over
the area of the fire. Alternatively, both first and second sub-systems can
be independent units or containers which manually sequentially activated.
[0047] In alternative embodiments, the system can be used in other
applications. For example, the systerads be used for applications other
then oil fires. Although the system has been described as dispensing
1. supfiresappissiaritrsyand seepndingases, additional phases can be
added. For example, the system additional phases may be employed to
repiatedly-sispenahitristoanstisecafidssvppassantandispensel adolitigsiain which
types of suppressants or a combination thereof. Additional flow paths in
compries coseizohtheupanebsupply containers may be provided. [0048] The
invention may be embodied in other specific forms without departing from
threcapiol onigsashtial characteristics thereof. The foregoing embodiments,
therefore, are to be considered in all respects illustrative rather than
limndisgetisenipueittion described herein. Scope of the invention is thus
indicated by the appended claims, rather than by the foregoing
dedergitiche aodtedl charges disathealiseharitieiofttie mistipgrassanatge fik in a first
equivalency of the claims are intended to be embraced therein. [0049]
supprédsivag phadaitoeetisceldt [Bhsh M Bstlelénfaret s e éssantl shisteistitagyooising second
a first sub-system which comprises a first suppressant and a second
suppressbnsystaafindiola soonsepestog passeppredseant seanmtrdboeitf ahthesfire.
dispensing unit, wherein the control unit controls the discharge of the first
suppressant to a fire in a first

2. The fire suppressant system of claim 1 wherein the first suppressant comprises CO, and

the second suppressant comprises water.

3. The fire suppressant system of claim 1 wherein the first element of the fire is oxygen and

the second element of fire is heat.

4. The fire suppressant system of claim 1 wherein the first sub-system is detachable from

the fire suppressant system.

5. The fire suppressant system of claim 1 wherein the dispensing unit comprises a

dispensing nozzle.

6. The fire suppressant system of claim 5 wherein the dispensing nozzle that dispenses the

first or second suppressant at an angle range of about 50 - 60°.
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suppressing phase to reduce at least a first element of the fire and the
discharge of the second suppressant to the fire in a second suppressing
phase to reduce a second element of the fire. 2. The fire suppressant
system of claim 1 wherein the first suppressant comprises CO2 and the

7.  saterfirssppessantsyemprisasavatewleréneise supglressandchsstestied first and
claim 1 wherein the first element of the fire is oxygen and the second

secon@ kimsethty edgueatisl . i iecfliessampsessant Kystessirgf phaies 1 wherein
the first sub-system is detachable from the fire suppressant system. 5.
The fire suppressant system of claim 1 wherein the dispensing unit
comprises a dispensing nozzle. 6. The fire suppressant system of claim 5
8.  whesdiretheppispransiygtaozaiekiat dispersseshtheorfrsl aniseoomstises first and
suppressant at an angle range of about 50 - 60. 13 7. The fire
second filpprgasiannt system of claim 1 wherein the control unit discharges the first
and second suppressants sequentially in the first and second
suppressing phases. 8. The fire suppressant system of claim 1 wherein
the control unit comprises first and second flow paths. 9. The fire
9. sUppresssuppsysian systdai of 8 laihesavhtne fitht fivet flath patbas ptegh ke tteethe first
first sub-system and the second flow path is coupled to the second
sub-systasysdehe. sEQoidh @ dinepatip3resselat sy sterseodotbsub Systeanein the first
flow path comprises a flow regulator. 11. The fire suppressant system of
claim 1 wherein the first suppressant is discharged at a pressure of about
7 bars and the second suppressant is discharged at a pressure of about 2
10. bame fit2 séppretbard sfssempmiedsainy Jiveheoaimpthisifigst flow path comprises a flow

regulator.

11.  The fire suppressant system of claim 1 wherein the first suppressant is discharged at a

pressure of about 7 bars and the second suppressant is discharged at a pressure of about 2 bars.

12. A method of suppressing fire comprising:

supplying a first suppressant to the fire in a first suppressing phase to reduce at least a
first element of fire; and

supplying a second suppressant to the fire in a second suppressing phase to reduce a

second element of fire.

13.  The method of claim 12 wherein the first element of fire is oxygen and the second

element of fire is heat.

14. The method of claim 12 wherein the first suppressant comprises the CO, and the second

suppressant comprises water.
14



supplying a first suppressant to the fire in a first suppressing phase to
reduce at least a first element of fire; and supplying a second
suppressant to the fire in a second suppressing phase to reduce a
second element of fire. 13. The method of claim 12 wherein the first
15. elpoenétabiirsf dany genvandimehseironsipplessant ieffippliedess. pkdssiifeof about 7
method of claim 12 wherein the first suppressant comprises the CO2 and
bars atidetizesoddsuppressaaniscomgliigbs watessdré dbaddie etisod of claim 14
wherein the first suppressant is supplied at a pressure of about 7 bars
and the second suppressant is supplied at a pressure of about 2 bars. 16.
The method of claim 12 further comprises controlling discharge of the first
16. amtseedtnd stipipiessanistsactenpiddys dohtidienmeiberdgkaéithe ¥ost and second
wherein the discharge of the first and second suppressants sequentially
supprdssanistsetjeehtislbycontrol unit. 18. The method of claim 12 wherein the first
and second suppressants are discharged to the fire through a dispensing
unit. 19. The method of claim 18 wherein the dispensing unit comprises a
dispensing nozzle. 20. The method of claim 19 wherein the dispensing
17. nohelenclispenfekimelBrathersirthendisstipyestt fitst analsgenarayemessants
about 50 - 60. 15
sequentially is controlled by a control unit.

18.  The method of claim 12 wherein the first and second suppressants are discharged to the

fire through a dispensing unit.

19.  The method of claim 18 wherein the dispensing unit comprises a dispensing nozzle.

20.  The method of claim 19 wherein the dispensing nozzle dispenses the first or second

suppressant at an angle range of about 50 - 60°.
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