WD 2009/ 061471PCT/ US2008/ 012571 FI RE PROTECTI ON APPARATUS, SYSTEMS
AND METHODS FOR ADDRESSING A FIRE WTH A M ST Priority Data and

| ncor por atw@®BecBysilRaf er ence [ 0001] This application cl ai gerihaohanehi t
of priority to (i) U 'S. Provisional Patent Application No.

60/ 987,021, filed Novenber 9, 2007; (ii) U S. Provisional Patent
Application No. 60/989,083, filed Novenber 19, 2007; and (iii) UK
Pat ent Application No. 0803959.6 filed March 3, 2008, _each of which
i's incorpora HEE MIRG bie o d HalN AIRARAD Lk, bk ANDMETHODS FOR
[0002] This invention rel ADBRESHING A BIREWITH A MIBTst spray systens
and nethods for fire protection. Mre specifically, the invention is
directed to systens and their nethod of design which provide a water
~m st to address and preferably suppress a fire. Even nore preferably,
the i nBREHRNDAE] Fh8 Ind Srpd¥StiSABVREfIBREdDs for total flooding

vol une 'UFOT%‘UH—O%—%T—%WH re, preferably control,
suppress, and nore preferably extinguish a fire. The invention
furtherjoppeyi demhiglappicitichaifethebenft 8V/SicIP ta (If B! PafSional Patent
Background of the Invention [0003] Known high pressure water m st

systens o] e, It L LSRRG
on the %?%%E?i?g\rl]&o@%? Earﬁrazl 1drﬁ(i)épﬁ gs, raaerqui' ng bétq\;:\'geri 50m _Hf%llorn;ﬁtént
(mcro 2 NGh hadrl t i r et g b N

cri 1 oarpplselolty NG, 658G 0sS Bed; Roftinb8l MinTB00RY ALRIT 5K CFMERE
dropl et , si I h ' Si S L.gh .pr.

syst e OufGneh Noo BrbioRelt s eith (08808 R0n 2 ek B3R b Bt by
t he disc arge o.%nts_a{}d a large quantity of water. The HI - FOGO

syst em PG %?ﬁb' LEPYEND (water) systemin which the fluid is
delivered to the discharging nozzles at a high pressure for the 50m -
120pm;dioBI et Eﬁnglati on. [0004] One type of device for use in such a
system 4 in WD 92/ 20453. Shown and described therein is a
spray head with a nunber of nozzles arranged close to each other for

R T O
LT P AP S AR R ekl SRS
O o U B TPt SO Rl LSS0 T Clod L Lsoress o

nozzl es_are_shown and {jescri ed, in U S Patent No. 5,3@2,041 ari!d U. %
Pat ent M§: BVEDHI8 Pretgrakly sthepnyveniforneslatss 39 sygiems angvpethpgs for tota
described is a dual fluid nethod and apparatus for_ extinguishing
fires ifPagingvolimeopratectign ¥ esRics ta E!CE’F%QS 3 fig, dpreferaply somtrelusyRRIBES
by a second fluid. In US. Patent No. 5,520,331, shown and descri bed
i s a coavkrypeaprefeablyedingyish adirezl Ehe nvention firthes provides devipes {ardise
through a liquid delivery tube having an aperture centered within a
cent r al inghs systeths andmetrodspst r eam ni xi ng bl ock connected to the
nozzl e.

Background of the Invention

[0003] Known high pressure water mist systems, such as for example, HI-FOG®
by MARIOFF CORPORATION rely on the production of water droplets, ranging
between 50um - 120pm (microns), in which larger droplets entrain smaller droplets
into the critical combustion region of a fire. Providing a desired mix of droplet sizes

in the protected area using such as high pressure system requires careful location of
-1 -



[ 0007] O her water m st systens and nozzles are described in

I nternational Patent Application Publication Nos. WO 2003/030995; WO
2005/ 1155560 amdiodmtier nati onal Patent Application Publi eatigeiodezsNO
2006/ 132557 and U. S. Patent No. 7,080,793. Oher Mst generating -
devi ces are shown and described in International Patent Publication
No. WO thechsaawaea pointel andeclerge feantity phweter. The HI-FOG® system is a single
2009/ 061471PCT/ US2008/ 012571 Publ i cati on No. WD 2005/ 082546, each of
whi ch i fuiddwateresystenPin sdiich e fluidcis delliGerea toatheddiapipdrgirgnoozzies hé a
instant application (outside of the U. S.). [0008] WD 2001/ 76764 shows
a m st kigheredsung farthasdus- 1000h dissist gemerétion.ds, primarily for use
in fire suppression. In WO 2001/76764, a spray of first fluid

dr opl et[@o04] Cr c@hetygeyof tdvidefar UBE irf SucH a EYdtem & lcau@beinnIDg2/20453,
aerosol nozzles in a conventional manner. The droplets are then

carri edghdwd aﬂdre@éermfedam% Rné fé&bg ﬁéydow R aanﬁ@% . 3@%&;%%?

nozzl e whi ch sprays the co I ned streamof first droplets a

second dbih f LEGMBEANPA5AEus THECEPRRSHE, VO 2001/ 76764 Ts to

reduce e pressure required to crea 0l spray of the first

aropt et o4 ABRSESTHR 316 Wl 'ﬁwegﬁ?cia%nr droBra S Peten
o opl ot %'Wﬁ? &% 120050003200 < ThalFn & BSeRATE  Butsh i et for

does not use the second fluyid in order to cre the first fluid

dr opl ethigR gFRACES 48, e?giéed'PBB]SePg sHiPs Yy ¥, ‘i’Havf"é‘-‘ta'ﬁ Biavidedoin an
aerosol nozzles which create the droplets in a conventional nmanner.
The st rengvesly diskibuted manaer se thata eiralatingangliop pihe mist ivereaterkin the
spray nozzle w thout any atom zati on nechani sm being applied to the
first fep#AcE. by the second fluid. Thus, WO 2001/ 76764 still requires
the first fluid to be supplied at relatively high pressure in order
to cred0806he abwvioswlduwhl dpidefirs proiestidmaozdentird shvawm 2od desstikéd at Udh
Met hods [ 0010] One enbodi ment of the invention is a nethod of m st
fire pratent Non5f3de,d4ixand eoi Patent Noi 5/520,331s Uuh4d.8nPatdnt e ic3 125041,
space having a ceiling, a plurality of walls so as to define a

pl ur al ighoval an@idestsband Quanfilig ThétBod Gndr@piratal fbeaﬁﬁngh?éhmg/\mes in
2009/ 061471PCT/ US2008/ 012571 cu. m (4590 cu. ft.). This nethod

i ncl udeghigh EPAsEAE discHPges aofst ﬂh.atmgeeﬁafra&w&rﬁ@@ ¢ a Qeédh% fluid. In
substantially encl osed space, the disposing at | east one m s

gener aty g pawhe Ndrey, SQE 321! "s%%jl 5hQ@"Beskrib \Ai?;%‘tal %Sn@érg @é@%@a@t

generatlng devices i n the enhcl osed space, reint

o%ﬁeo tat: at{oﬁ'rtu):esg %S%QUQJ rov} eh {rﬁ‘%@/ ! eﬂal%ldzggl W tu.%e ((51%17%% GH-

ft ) t | 'eas era I'ng I ces being |spose

di agon p I ef mum_spaci n

t her eba’dtkFJ 8 ?&ggreﬁf “gﬁﬁﬁﬁ (féﬁﬁt‘tg ‘{%“.Ei’ﬁnﬁ%" é)sfrﬁ M f“@gspl%ﬁe
m st generat vi ce in a pendent confl guration where the encl osure
hei ght ‘%05%5‘68@‘%8 ﬁ%é‘ﬂ%ﬁout 3.0m (9.8 ft.) to about 8.0 m (26.2
ft.) W@Bﬂ?] cle ance fromany wall of the enclosedcﬁ‘g ﬁe rang |n?
fromoO 35 WRISR B SySiemg 3@91”‘%2 §S & 49ScHBaRtinnEiteRatigpal
| east one m st enerating device in a sidewall configuration where

t he endT¥gnt e"\mglicgmn r Bulicatipat Neen Wb A008/030805( IVR 13005/1155860@nd
8.0m (26.2 ft.), the nountin eing beneath the ceiling at a

di st andBterpatinnahSatent Awghqaanglgmg)hﬂafmﬁ hloo WWO12QD64 3355 73ammd U.St Patent
about one half the enclosure height and with a cl earance of at | east
1.0 m Na&. 37,880,793.r oi@thay Mist t penephiing | devicesf aomrsiemvan aindt ieseninddsind
space, (iv) nounting at |least two m st generating devices in a
pendentinteondticnat dPatent iheblieatidre NoiCWG URZEG0SIEB2B45 randg steMativesin Pahatt
3.0m (9.8 ft.) to about 8.0 m (26.2 ft.) with a clearance from any

9.



the m st generating device. The piping may include coupling an outl et
of a liquid supply tank having a capacity of at |east 25 gallons to
the m st geoed#dbéng devi ce. The piping may al so i ncl udece@uphsfdsin
paral l el a gas supply having a bank of at |east three pressurized
11.3 cu. m (400 cu. ft.) tanks with the liquid supply tank and the
m st genehligating N Wk 20p6082p4bceash nbwhialr ishassigned tal&ursuit Dynamics
interlocking an actuator to release the gas fromthe cylinders to the
t ank anfdL€ha nameddegplicanieinrthe insteniapaticatipndeutsete ofthe U.Bt)er | ocki ng
may include coupling the actuator with a heat rel ease detector

di spos€0008] t heNEN 004 b 76daskows e nfisigedetatinloapiaatis WbiMO 0SEy etwioo
a fire in the enclosed space such that upon detection of a fire, the

heat deflugd, PrirdadP Ibsudd th et slppssdich. ' Bl PRI @0DhE 6983, Arspray BEfirst fluid
cylinders to pressurize the tank and to deliver the gas to the m st

gener atdpg|efe &_%ate{cpwﬁirbﬂg%ﬂe%rffu?d’@ﬁ%dwatnurﬁﬁé’r df%\é%%d’tl ﬁz!azﬂésfrn a

kit to provide mst fiTte protection for fixed equipnent wthin a

Subst a%drﬁ%bﬁon%]%&ﬁﬁ& S’Pﬁg@/%g ¥fs“§reath8ﬁiégirnri& bﬂcqogﬁ’éﬁv{wiéfy? %cef\’?c# hgitd

SO as Ine a plurali corners and an e osure volune o

| east . ) e ki i,56S l eas '
genor at Ry ko1 deuvekiedy llersennond® ubicn, SR, B8 s tond Suedff o P
devi ces, to be nmounted in the encl gsed space, erein th 0
o m USSR e Seqdal i Haf Pactprebats; Hiiioba of v 2BfHe 7
2009/ 06_1371ng/ US§008/012571 a,tgg%jeast two m st generati nghd vices to
be di sg8dBdeAHCRItA MesIUre JpRkIERt I Srete dha eesesdl spiy ohdhe irt fluid hy
spaci ng t herebetween of about 3.4 m (11 ft.), (ii) at |east one m st
gener at ¥R e, seeondostiranmai duishito ¢argy thediishiivid shieplgis: it of ihe @ppaeatus.
encl osed space where the encl osure hei ght ranges between about 3.0 m
(9. 8 ftThe secailsotireasn alse redueesifrictionaliprcas avhigheeaminceorme easemoauas the
of the enclosed space ranging from0.3 m (1 ft.) to about 3.4 m (11
ft), (ifirshfluid drepists formingitbe agerset sprando deapwate.o be nounted in a
sidewal | configuration in the enclosed space where the encl osure

hei ght [0808Fs BAO\REO/A6064 dbed not uéSiie écond fiuidlwotder.t6 oneatéhe 4irst
ft.), the at |east one m st generating device to be nounted being

beneat Hiuid@raieet] regimeat Indtshds ﬁi@élﬁﬂztpﬂéw Brd Beatd VibrRe drea\0oNgerbs@mozbeigt
1.0m (3.3 ft.) to about one half the enclosure height and wth a

cl ear angRicRcrédte k8@ atoplet ifa dodwénfidnal rdrper.amie QbrehRfofiddebal iftid ®ken
corners of the enclosed space, (iv) at least two nmi st generating

devi cescdrfled thd i 186 fHFo@%rP;‘Pr@%BFayC%‘Izit&Wiﬁbb?%ngrbtémgzagﬂﬁl rﬁ%gq%nism

space where the encl osure ‘hei ght ranges between about

ol ut ol 9B oRRr B Fist iy el e BLAL T s W ol b6t 1)
rangi ng errEs Mo bt 0 o R SUoHBa SR e BT REAORENIe Bbrdelo arBiedne,

two m st _geneyat,i devices to be nounted in a sidewall configuration
BrlaidPishac

in the &\ e where the sidewall enclosure height ranges
bet ween about 1.0 m (3.3 ft.) to about 5.0 m (16.4 ft.) beneath the

ceiliniat!a di stﬁncetf.romthe ceiling ranging fromabout 1.0 m (3.3
ft.) t ! ur : e ceiling enclosure height and with a
cl earance of at least 1.0 m (3.3 ft.) fromany of the plurality of

cor ner slng;a,@g@{,g@%k% space such that the at |east two m st

generating define a center line of discharge having an

unobstr di j Laneter of,, abhouyt 1 m (5 ft.
from t HIBREE, SO Btoified A bk, PrehT A siaindr bt R pretSotanfor
devi ce bei,ng nmount ed. fromt hei V\%{ZOO / 061471PCT/ US2008/ 01257 .
opposi A uiprpent Withip 4, substapiiay £ng SPag8 S1ving. & Ciling 13 phurplity)of
to about 12.0 m (3?,.3 ftu) with the center |lines of discharge of the
walls so as to define a plurality of corners and an enclosure volume of a? least 130
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[ 0017] One exenpl ary enbodi nent of this aspect of the present
invention is a fire protection systemfor addressing a fire with a

m st. Thi sy&y¥GbessbnCcl udes at | east one m st generati n@gci@drRgo12571

di sposed in an encl osed space having a volune of at |least 130 cu. m
(4590 cu. ft.). The at |east one m st generating device includes (1)
a firsted.lmi @a8iseadie).hahhisneihed inpludesudigposingat deast onei mist gengrating
outl et disposed about a |ongitudinal axis of the device, the first
fluid pdssegenddie rsubgtantiatly kemcjosenz Apacandhe disposidgf buildastasaagenist
having a second fluid inlet, (2) a second fluid outlet, the second
fluid ppasagingidepiesataplirutelbbied pogi flusionatingat Jeaxt tivbemite \gererating
co-axial with the first fluid passage, the second fluid passage

def i ni ndevicds ANREACIoEBEZ Face( Wheteit thé it AE44t B9 QN il @BBBEdL. iff) (4890
second fluid passage so that the transport nozzle defines a divergent

flow patf e Nighi BasesmBel. HP (HI8D bQ.”ﬂ.i),ltilH@i A3kagtive m%@@eﬁé?atiﬁgcd_ltﬁiﬁ&r

in conmuni cation wth the working nozzle and trarsport nozzl e.

:yqtg‘ @%}% |dyiib§3%§ﬁéﬁ?€@ﬁj%f .r%FSf e é?“ﬁo%ﬁﬁ??%ﬁg?i*gﬂﬁ%‘?’%g‘ga
furt hert‘wsﬁéﬁ%ﬂéz*‘f;o* éh@giﬁ%p@?tﬁga' DMt 0808 et heci fépezaﬁng
pei oy Taick B epRSet S bhetionwEme b saspelrd BeRRCIaneh beRSTn ghod

st to address the fjre

annulus_in the chanber so as to rm_the m .
The 11 v TuBit Phia® B0BROAD 1Y 8 Actowthy B rHiedangs G ool aigthe
of: (i) the liquid supply pressurized by the gas su&el é the liquid
suppl y enrglespdsranec@nging femi@.34n. €1 & & papet 3-dompt bl itaelih Heoyntyg the
to the inlet at a pressure of at least 0.5 bar (7 psi.) for liquid
fl ow t hatdegst eme nfist generatingl dpvice ay@; sidewall gopligiyaiion whergthe engpsyre
that includes a bank of at least three (3) 11.3 cu. m (400 cu. WO
2009/ Odlieighttangesbedgeai abaat 1.0.m. (8.3 flogeratyad 8d/ . {@8.2t.),dhe mounting
cylinder being coupled to a piping nmanifold coupled to the second
fluid obdihgtbenehth the egilihlaed dismbarfgen fheseiling rangimgt firem retaiut dl.@ nef
at least 6.9 bar (100 psi.), and a liquid supply that includes at

| east o33 ftiynetapolit ¥he half difie &AGlosure Heigraring- ity 8 cgalrhsde 624t 1gadt. 9.0 m.
tank of fire fighting liquid pressurized by the gas supply discharge
pressur e, 3 fefrémndnysf the SRk ef Eornele of tHeSEndlbskdl spadeSt(iv) #slriting! at
the liquid and gas being provided to the device in a |liquid-to-gas
mass fl L Qni i i ) " }
s rrlgﬁ%{ ﬁﬂ%ﬁ%ﬁﬂl%ﬂ@@?ﬁ%}@%gﬁvﬁgg% alPénBé’ntaP&HW{;‘;iuatkn WHEESIHS ehdbsure

S a property, is selected Trom

o 9" HBGRRSNGS Bl Skbur AR 141 01, ¢ SBLAL5 T3 28,2 ) A
ftie T T T R e Y

(fiftee l.] ons 5 qal,.)).to about ninety-five Jiters (95 L.) .
(t went v R0 g i Fo=c1lie) Pndritoed dfom e diother B aotistmse ranging;
encl osed space;, (ijii) defines a total extingujshing volu of less.
Chan_ atben a5t $ongt(@ighDp Repitedon Haanauv) mogussoaLdeast wp: st
encl osed space; and (iv) an extinguishnent tine r;&gﬁi ngf from about
780 sec@riesating dB¥iGes 40 assidewall cobfigwatiamwhese the sidewall enclesiHgi height
bet ween about 1 kWcu. m to about 8 kWcu. m [0019] Anot her
enbodi nianges befween abpect.0on. Bkt he ahoulhOir. @62 ftd heneatcthiemeiling at
systemfor addressing a fire with a mst This system conprises at
| east oadistante fremethat ¢eilingdmrigig flospasad 1.0 nan(3eh &l)deeabosipane Hadivineg
a volunme of at least 130 cu. m (4590 cu. ft.), the at | east one m st
gener at ¢gilinglenclosurertodigich avgd (ith aacibarasicefdfuitdegsissage. (38 findram fanysef
fluid inlet and a first fluid outlet disposed about a |ongitudi nal
the plurality of corners of the enclosed space such that the at least two mist
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WD 2009/ 061471PCT/ US2008/ 012571 [0022] I n this system the m st
further has a property that is selected fromthe group consisting of:

(1) a maj &b bavood14flr opl ets having a dianeter rangi ng fpeusiodsoiSs71
mcrons, (ii) a total liquid supply rangi ng between about fifty-seven

liters (57 L.) (fifteen gallons (15 gal.)) to about ninety-five
| i ters gederdting (eviees eathwdefigal 4 aestef Aivegaf dipghdrge rewiy a8 Lnabstrocted
(4590 cu. ft.) of enclosed space, defines a total extinguishing

vol une diécHaegs pattawith kodiantgradf abast § & mals jt.) ffiem e beidd te en opposing
(4590 cu. ft.) of enclosed space, and an extingui shnent tine ranging

from ahgalt o 62 pREAIRESS Wallabmiet d@@c@Eéﬁ@dﬁoﬁﬁt’édﬁrcﬂﬁﬁﬁ@'dﬁ@din@i\K@Idat a
Cu.

fires rangi ng between about (1 kWcu. m) to about (8 k m).

[ 0023] Aitkhes ranthAg ibERRée®hbbiies BTMENA. OR.)i ® dbdutMe.PRYESH! L) withSthem
for addressing a fire with a mst. This system conprises: at [east

one at QY. | £ | | | I - af
a1 casEr e o fHgE ot o afieatt RELETER, RAARG o BYpBA0RUKAIHETND.
i ncl udi ng.: ' flui S ' irst-fJyuid inlet and a
first f?ﬂ?@ag%%%één&Pé%ﬁ%@gﬁagggpnggPgﬁﬂﬁ%ééﬁégpfg‘is of the device,
the fir ui assage, definin smoot h cyrving pr.afile that

conver JO0 Ty T REREL EFbREINThcRs R Ry ARt Supel source to
decreasgs in,a dir?pti n.fromthe first fl ia inlet to the first .
fluid dOeImet SeReratnmedewies;; d NaRpigema¥ingllfg couplig Anyailiahs! 2 lighid
between 119,000 cu.. mmand 121,500 cu. nmm, a second fluid passage
havi ng sPpbC Y having) a sARacity R at least ARigalqnsdtoothe BistIans AN\ a
second fluid passes, the second fluid passage di sposed about the

| ongi t udhenRipiRgkimaycalsedneiude coppling s pardiehRl gascewrminthering aibenkiafeat
first fluid passage, the second fluid passage defining an equi val ent
angl e deashtpeaespressuriaeyl h 3fowom.q80Qcul fty) damksowith 4t tiqujd sepplyttAsk and
second fluid passage defining a total volunme rangi ng between about

24, 300 tha mishgeneratimpdéevige, 500 cu. nm, and a chanber in
communi cation with the first and second fluid outlets, wherein the

fir ﬁt i[gma]econmd méititbd firtiedrsinalude® intendekihg ahaddtvgtor o eeleagd dhdigyas

T frc;m the cylinders to the fank and the at least one mist generating device. The
interlocking may include coupling the actuator with a heat release detector disposed
in the enclosed space, the heat detector being responsive to a fire in the enclosed
space such that upon detection of a fire, the heat detector signals the actuator to
release the gas from the cylinders to pressurize the tank and to deliver the gas to the
mist generating device.
[0013] In another embaodiment, the invention is a kit to provide mist fire protection
for fixed equipment within a substantially enclosed space having a ceiling, a plurality
of walls so as to define a plurality of corners and an enclosure volume of at least 130
cu. m. (4590 cu. ft.). The kit comprises at least one mist generating device selected
from (i) at least two mist generating devices to be mounted in the enclosed space,

wherein the at least 130 cu. m. (4590 cu. ft.) is at least 260 cu. m. (9180 cu. ft), the
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WD 2009/ 061471PCT/ US2008/ 012571 that they have an angl e of incidence
bet ween about 5 degrees and about 30 degrees. [0024] The system
further | Redvsdessidzisel f-contained fluid supply source pagliy@hid@z1
liquid supply coupled to the first fluid inlet for discharge of
liquid fromthe first fluid outlet as an annulus. The fluid supply
al so i ratlleats dwa rgiasgengyptigg devipesth be dispessa aodidgbhailydoppdset carnars so
pressure ranging fromabout 2.1 bar (30 psi.) to about 24.1 bar (350
psi.) fay toltefimaageifimam tpacing toadbétweeh olbb@it 3.9 mi K Withh (it et least
liquid annulus in the chamber so as to formthe nmist to address the

fire. Tdme iidtigénsrtiplgidviel fodie MasinRedihePséident bakfiguatisl mathedriclosad
the group consisting of: (i) the liquid supply pressurized by the gas

suppl y,sgdee Whé}é'tﬁe %ﬁ@l&%ﬁr@ﬁé@ﬁt BB Bdtvaer BSodtid. GTm flow ﬁ&'t@ bﬁbuf 9 0
provide ‘the liquid to the inlet at a pressure of at | east

psi.) T gc? AY Pwith "‘bIEQ a‘?x‘é@hr& ean& \X/éﬂ I'iﬁz' éi?d?at ce(:'ainn%;er@ f(gsn 0 3

pressurized gas supply at inc east

175 e 00 i a7 S 0% I&%#e&%;egéﬁﬁtd afh IR B0
2 o9 fbfied E\C“a“ﬁﬁw&éfssHgﬁ@?ﬂ?ﬁ;“ptﬁ%%céﬁ@sseddﬁp%g%ﬁhéaﬁaﬁt NS
! et oS bl BebU T e o I8 B BT a4 £l e

tank being coupled to the first fluid inlet; and (iii) the liquid and
gas beﬂ?ﬂf prehgensiating Ejﬁlé'cﬁémhﬁam%'”t?q Pa'ﬂgobqr@ﬂﬁh§7%§'§”9 Iaé)\ﬁ digtance
rangi ng fromabout 1:1 to about 3:1. 0025%»? this system the m st

f urt herfreraghe geilingeianginghliomi abaid| @ red(33 &Jhebqgn@np hedhtiesenslgswe:
(i) a majority of droplets having a dianeter ranging from1l to 10

m cr ondeighti and witht alcledrgocel of ap peast rad gnn(B. ddt whrem atwof thé fplyralityven
liters (57 L.) (fifteen gallons (15 gal.)) to about ninety-five

i ters d¢Bbeds. pf (thevericlosedv epars, | (1) sal( Basy avo) nidtogereastingl Jevices ta be
(4590 cu. ft.) of enclosed space, (iii) defines a total extinguishing
vol ume mbuhtedsint bapemmmtco&ﬁgaidticnsm(&egahclbséd)efse@hNHe'iQ tte. emtlosure
(4590 -13- WD 2009/ 061471PCT/ US2008/ 012571 Cu. ft.) of encl osed
space; aght( rahgeanbemidend absTBIT nh.i (uearﬂl?%ngocwtoenahpmsﬂﬁm JFoG@Nnds
to about 80 seconds for normalized sized fire rangi ng between about 1

kWecu. dparkfcabem afy k¥Vheplumind GdkAsrihe thabs&drbesd

f
é'i%;?ll fr rHQ)Sm
|nvent|on is afire protection’'systemfor addressing a frre V\SIS

m st. BUTH. | §95.) 2hd ! A%kd MWn %}h@r%rfdtqgroﬁk?\é' &Eta%gg@gﬁﬂg

in an e cI%se space having a vol une of at

pastage e 1 PR FIETNG il 4% 1 O, st bl et Selimting
ot i ni PO 60 AR I it BT b hésqtrgéég‘rég% BR0Ge the

| ongi tudi nal - axis_su at a f d reas I irection frgm
the ri rupesl BioBsE g Thndey Fe@%ﬁ%tﬁﬁtq & EaiD Biaat i (64
passage dEflnln% a toral vol ume rangi ﬁ bet ween about 119, 000 cu.

to abodt) bsreaBohe celling at 3 dstansedrom iia ceHisg 1geaing fram aoded Hrr. @33
fluid |nIet and a second fluid outlet through which a second fluid
passes, fti Frabedane halfing erilnmerclaswpdsiaht ahduvith Acleasange obiatiaastakDs
concentric with the first fluid passage, the second fluid passage
def i ni nmy. &h3 &quiraralanytofdhe Ipiurelity e sarnsire f tenefclesed sracatmich that the at
about 40 degrees, the second fluid passage defining a total volune

r angi ndebstt meemistiganeraling30évices eath dednealocant@SlineD6f dischange, havivdy an
chanber in comunication with the first and second fluid outlets,
wher ei nuridbstriictesitdiscterge pathowfth i diaraetdr ef abautel.d i gBtfepfroml tab ideRideGo
one anot her such that they have an angle of incidence between about 5

an opposing wall of the plurality of walls, the device being mounted from the

B-



-14- WD 2009/ 061471PCT/ US2008/ 012571 spaci ng t her ebet ween of about
3.4 m (11 ft.), (ii) being nmounted in a pendent configuration for an
encl osur e web@hbsiiangi ng bet ween about 3.0 m (9.8 ft. pcitosaboubss. O
m (16.4 ft.) with a clearance fromany wall of the enclosed space
ranging froml1.2 m (4 ft.) to about 3.4 m (11 ft.), (iii) being
mount ecPAPesiaswalkabaIdistantd ganging batwesn abasit 3. (1264t bm!@ou’ﬁéﬂglhm
rangi ng between about 1.0 m (3.3 ft.) to about 5.0 m (16.4 ft.)
beneat H38.Xc#i)l wity tbé cenderlindsoédisbarge ohtig = I€asinvabdevicds hawing a
(3.3 ft.) to about one half the ceiling enclosure height and with a
cl ear ansapefdietlal spading réhging bdtwkehtabout 1 @ma(8/3 fioy toesboat 416va. (15 ft.).
encl osed space, (iv) at least two m st generating devices nmounted in

a pende[oomp nf ITHY Rit FRherYonditise’cd @élﬂb@nt‘éﬁiéﬂ?‘ﬂu:ﬁ asnugFrws&ﬁweermea@@mt

3.0 m (9.8 ) to about 5.0 m (16.4 ft.) with a clearance from-any
wal | ofcdripg Hsﬁ.@: S&iftct FRIdUS 4 I SugplPtaniéhdiing alcapaBRybf sodut
m (11 ft ) and spa ggpfroﬁq one anot r|1er buB%mé?stanclggraangé W from

?nbg'tjt gene?at I ng daew%es_g%lg[?glgfjﬁcrlr@dﬁ? ?dbérﬁ(z%ﬁ ést; %astat{ﬂfeé g%?f | gur at [ on(hpgr
Sbout L2 **r?f'“?é%?fﬁé?% Qﬁ‘@%ﬁ%é@%ﬂ%&?%?ﬁ%@% AEIHS e ctuBLigr Satingdioh °

rangi ng, fr out ( t.o_about e half . the ceilin

et os 1P Flaras e A1l k.o THFe menliel s eennerBici eyideE eSBal B to
fromany corner_of t ed space su hat the_ _at ast  fwo, m st
Gener aRESUIES thanker RolTkan g s gy 04 e roqormegewt@@%abf% t gRe
unobstruct ed di scharge path with a dianeter of about 1.5 m (5 )
fr om t Heishgenerating dgNicgppd ‘Hbfu\mref incudes gagrificetan |ﬁ§aﬁ'ﬂﬂjﬁt|é'@ WQ*W@?“
the opposing wall at a di stance rangi ng between about 3.8 m (12.5
ft.) tdhawuletafihe t-'mk pod e at lepshineratomizer énpeivide asubsiantialyctenstant
of the at |east two devices having a perpendi cul ar spaci ng rangi ng
bet weerflow of tine lig8id3frém. the tankalodbe at lemshong ristfgeneratjr@dBjcEhi s syst em
further includes a self-contained fluid supply source, which has a

| i qui d FingPrygtectiopl 8¢stems he first fluid inlet for discharge of
liquid fromthe first -15- WD 20091061471PCT/ US2008/ 012571 fluid
outl et [8618 amhd presehbénventiba s providey hlst ifing | pidietton sysens faphY
coupled to the second fluid inlet at a pressure rangi ng from about

2.1 barsybatantiaily kntioséd ephce bf én;b%luﬁ?eSQueﬁ as eﬁ_:,ora ghssdRadiRg Brvlirhee

second fluid outlet to mx with the |qU|d annul'us in the chanber so

as to fgranddie ofe %nﬁ%@ﬁﬂ{@&%né Retérls'($30 H] emi dt16usBRand e H@ﬁdred

having a property that 1s selected fromthe group consisting of: (i)

Loy PRI PIERSIORS BRI M SR HR R

bei ng coupledto t

I & .
gt TP PR i et Bl P g
i ncl udes

T oasrpLRElies ﬁ%@%g vei3g tné & fashBhe BEviRe 8 srili il B0 & Seckhit fuid for

rranlfold CO 0 t.he second fluid outlet with a regul ated
L*E%rg%té 8 migh,

di scharf& the manifold of at |least 6.9 bar (100 psi.),
andallﬂwd s\ljp %( g i ncludes at |east one ninety-five liter (95
L.) (t vi8AEGL 1 i Videgfist Bwid i preferably adiguid aid isi ners prgierahly watgnagting as

pressurized by the gas supply discharge pressure, the tank bein

coupl ech fite figlting agentt | Thel seaped fluishis R!’EFeif'?b[WféQB'ﬁ Qiddmarei pirierabl ag

provided to the device in a liquid-to-gas mass flow rati o ranging

f rom aboent gaslfarcbetboatendzing grepesfrainment ©f dhetfuny fluidefor genenattoraand

property selected fromthe group consisting of: (i) a majority of

dr opl etdisthbwiiorgokthdiraistt Brefembdy, tlye figuidnaihd tgas Ede dietivered to (he Jevicd at al

| i quid supply rangi ng between about fifty-seven liters (57 L.)
sufficient flow rate and pressure for the device to generate a mist to address a fire in

7-



-17- WD 2009/ 061471PCT/ US2008/ 012571 ft.) nitrogen gas cylinders,
each cylinder being coupled to a piping manifold coupled to the
second fl wv@2eubéetr Wth a regul ated dlscharge pr essur ectismndes
mani fold of at least 6.9 bar (100 psi.), and a I|qU|d suppl y that
includes at | east one ninety-five Ilter 95 L.) (twenty-five gallon
(25 galthp) enclagedfspacee Qnghiprefgrred quiisd es@tﬁcrt@@d sysiemh gegearates @ndy
di scharge pressure, the tank being coupled to the first fluid inlet;
and (i idiptribbbed thgumistaindonm of lze volg e, @ondeckration rwldefmvdmsityrtoaaddress,
|l i quid-to-gas mass flow ratio ranging fromabout 1:1 to about 3:1.

[ 0032] | prefdrablysapstrenvr suppress; tantiundleasreftrsblq eptionesh @ firdlat i s

sel ected fromthe group consisting of: (i) a majority of droplets

havi ng @odTRTetOhe lekBEipMty fdrabbdinfent B9 thik Gspast of tHe E%sbﬁi lvehtioniisl a
supply rangi ng between about fifty-seven liters (57 fifteen

gal | onsg r(a;:go%hoﬁ Systenffep 'éHdFBé%ﬁ{QYa ff:lr'ﬁ’ Rith 'aﬁ‘ﬁfs% ﬁ'ﬁ}é éjysierﬁ Qﬂiﬁurﬂé‘s &t 1¥8st

gallons (: for each 130 cu. ft) of enclosed
5 gal | o rﬂéﬁg‘%ﬁﬁsﬁ”?%ﬁ%ﬁ 95 %&M éﬁﬁ@g@ég PR e AR 2 oo it
o apouPaB e T ERSh Wokiart fé%? a%?ﬁffﬂéeﬁéﬁgﬁégﬁé%miunds%%@’?%

1 kWcu 1.0 about 8 kW cu ] A furthe d nt of

vent AL THEPAREE B %rﬁ% Bt 4 dietclia R0 Pt it a
m st. This, system co es at | one atom z devi sed in
o encl BESUTRA RS QU PR e ops ths ob g Paseadt datiig & w e gnd a
ft.). The at | east one atom zing device includes: a flrst fluid
passageSaranAflyidpassage havnaa ﬁﬁP‘é@d il inlet, (2)s3 secandfiuig pptiet, thessreasd
about a | ongitudinal axis of the device, the first fluid passage

def i ni rfid paRsrEhdisnesachabeutdhe lengitidinat axis of fesdeiomand cheaxial with the
| ongi tudi nal axis such that a flow path decreases in a direction from
t he fi rfgst fliidi ghsisapet theosadondffiuid patsageddefining i, tratapoft meazld, 1(8) @ solid
passage defining a total volune rangi ng between about 119,000 cu. mm
t o abouprofrgichGlispasednimthesdcand Guidrehskhge dofihsisthgdrdrepboriqozie-defiNgs
2009/ 061471PCT/ US2008/ 012571 a second fluid inlet and a second fluid

out |l et & kihvengéntviiove pattesedith defpedtdo ARS Setyitutimal agiz0afd Uy adcHzsisa0R
di sposed about the |ongitudinal axis concentric with the first fluid

passagesorhit@nfRben duith he &m0 RCLaE Idﬂm&aﬁgpcﬁﬂ%\tﬂlleentrheng,}s@emf also
expansi on rangi ng fromabout 1°to about 40 degrees, the second fluid

pass ?ggge;ggbg 'a”éblﬁcérﬁéﬁbd %h*ﬁ@%ﬂ?ggg%'@?nwﬁﬁ % ﬁ‘é“ﬁ%gp.ﬁ'z Commecm the

W thin ﬁreﬁﬂg@%%i%er 88@&& 'enoialad[ﬁrﬁ‘%httﬁ@'w % %aneé?sé. ‘HHrFJlf‘s gmp

consi st ng 'east two m st genera evl ces I SpOSGd In

e 222%&@2%@8@%%@@@&@%@ S oS oS 0
e A TS i A
e e AR SR e

cl earance y wall of the e closed space ranging froml1l.2 m (4
ft.) t oasalﬁb{ "Hﬁf oddress thefirg; )Tf@élwﬁgsmhhaa g propery aelgglad from
configuration for a_sidewal | enclosure height rangi ng between about
1.0 m e gosr cpnsigfingsefiit()sthe liauid Supply prespuizaskby thegasesuriphy the liawid
encl osed space ranging fromabout 1.0 m (3.3 ft.) to about one half
t he ceisupply Setidosovpleddpgthe Bnst fluid inlef tol peavidec theofliquit toethst inletoatne
(3.3 ft.) fromany corner of the enclosed space, (iv) at |least two
m st gepressureny afldaast 65 baiufit g=i.) ifor lmukicle throagh theirstfluidpdssagen(i) a
encl osure hei ght rangi ng between about 3.0 m (9.8 ft.) to about 5.0
pressurized gas supply that includes a bank of at least three (3) 11.3 cu. m. (400 cu.

-8-



WO 2009/ 061471PCT/ US2008/ 012571 1.0 m (3.3 ft.) to about one half
the ceiling enclosure height and with a clearance of at least 1.0 m
(3.3 ft.) Wo cowmasiyricor ner of the encl osed space such tbeairustees@bsr

| east two mi st generating devices each define a center |ine of

di scharge having an unobstructed di scharge path with a dianeter of
about Bnmoges gas §ylinfers. €Reh gylindas heindAcYpd 40 Aginiap manifeld geupled
bei ng nDunted fromthe opposing wall at a distance rangi ng between
about 3oghensecand §uith oytlet withis laguiaied diacha®e. dressure frarn the mandoltt efrat
| ines of discharge of the at |east two devices having a perpendi cul ar
spaci ndeastr@)Brigr {200wpen), Bn@ aliqui® sBpply.thatt iaclabdesitat deadt one (nirketyfive liter
[ 0035] The system further includes a self-contained fluid supply

sour ce {@6dl.)clivegtyafive galicch @5ogdly) tamipdfditle fightinteliquid Predduized ibglthé gaer
di scharge of liquid fromthe first fluid outlet as an annul us, the

fluid sdipplydisohalgerpressiredineotapk TRing ORI¥d O tHY At FIgidtihrt; smpnwb the
fluid inlet at a pressure ranging fromabout 2.1 bar (30 psi.)

about Afyid 8R4 g(a%%.r@%fo\nofe(artoc{hé &aHcaSn faruemcr tbe ﬁﬁ%@ ﬂfowﬂa%o%ﬁd;.ﬁb

to mx wth thé I'iqui'd annulus 1n an optional er as,

di 50'°%%‘b§i‘l‘1t§%tﬂ:ﬁt§q formthe mst to address t he f| re The

fluid supply urther has a property that is selected fromthe group

consi st r
the |i upp el n t |
JoBAsE i Bt o PSR Pl F@Pqﬁef%?ﬁ%‘? fiam

the liquid to the.inlet east .0. 5
for 11 diparefRiPRsriibn: theRibl of dirflestbadies et Tandite fiom Ao
gas sup that include | east _three (3 1.3 cu.,.m
(400 cudF‘E"CP”r"n tPY&eR" eebgmm@@a" hotyhe 'eﬁ%ﬁ&neo%m1e@efed

a piping manifold coupl ed to the second fluid outlet with a regul at ed
di schar Bg'ﬁ’Befé%'Urbt@ FGnMigienseli) Aokl diguig syrply ranging beiwgernabpyl ffyv
and a liquid supg that includes at | east one ninety-five liter (95
1)t vasivep itors dBg i) Gheergatans 01p Gakaoba Rt Grd Tteis (O8s) Gwenty.
pressurized by the gas supply discharge pressure, the tank being
coupl ediveogallansf (35 gat)) fod eanh et30and. (. i(#590 he. Ifi.)qof éndoded)zpac®D (iii)
2009/ 061471PCT/ US2008/ 012571 being provided to the device in a
| i qui d-defingas toks £xtihguishiag ivolunas gf legs thaonatedig @ gdllohs {® gaboior edch 130
[0036]In this system the m st further has a property that is
sel ect egl. fni.q@E00 @uQft) W enolseds shage;dnd (V))ansextinglishinen® timér @pgRigsfrom
having a dianmeter ranging from1l to 10 mcrons, (ii) a total liquid

suppl y 4rHigi780 deRbnas ko abeut 86 lséédnceefoeﬂorméwea é.ééd kras fahbingasdtween
gallons (15 gal.)) to about ninety-five liters (95 L.) (twenty-five

gallonsaMﬂ@wc)J)n—f%agm;k@pc@qn m (4590 cu. ft.) of enclosed

space, (1i1) defines a total extl ngui shi ng vol unme of Iess t han about

8 gal |l qggaéf 9% nothd P BRI CofCthis ggpéé%%%%gu vé.fma ?q‘i}goﬂﬁf‘é&tno

space, iv) an extinguls ent t] me rangi ng PY3mab Second

(1w ?ﬁe?n")ﬁ’gf A0EstPo, %““W‘thzae ""?f Zfﬁ'aéﬁ%%w%@?pf@%%oai S OB ik

'm-”lte”t: éviqé%#%%ﬁlsﬁ dlrigh Bge frﬁof o ddr'riqsﬁ'd%%@ﬁetatﬁ?@ﬁo e n
130

Ty e tady Bt Tolts & %m Doy By saeralop,imice ioydg 1) 8 tust gy

and a second flujd inlet, means for atomzing a first fluid and with
a secorRPSSRER davinge Hreddiuid indsfrandhe drstifluicioulis slispoassdrabeut adenaitustinal
l'iquid supply coupled to the first fluid inlet for discharge of
| i qui d @Hioaf %ﬁéﬂéaflc‘@mfﬁﬁ fiigt Heidipassage dafining @l weorkingheozzleui(2) @ aepend fluid
further including a gas supply coupled to the second fluid inlet at a
pr essurpassaggi myiig ensatout figidl ifletr a(@G sscond tioidalbotiet, 2de Isdrand (BEO
psi.) for discharge fromthe atom zing device to mx with the liquid
passage disposed about the longitudinal axis of the device and co-axial with the first
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the first fluid inlet to provide the liquid to the inlet at a
pressure of at least 0.5 bar (7 psi.) for liquid flow through the
first flumbpaseaga, (ii) a pressurized gas supply tharPCFBI2008/0M371
2009/ 061471PCT/ US2008/ 012571 i ncludes a bank of at |east three (3)
11.3 cu. .m (400 cu. ft.) nitrogen gas cylinders, each cylinder be|
coupl ediuid pasgage nthenaaserd dluih passane gefl wegs@dmpprtuweﬁ%t tav§Q'

a regul ated di scharge pressure fromthe manifold of at |east 6.9 bar
(100 pgirofrusigndiispasedundhe sppond fluidtpassage gedhal thedeansperaozzle defines
ninety-five liter (95 L.) (twenty-five gallon (25 gal.)) tank of fire
fi ghti regdiveqgent flove patteiry wathbrespéct tgau‘heslumitqdmalwﬁmagé (A) asehareben ine
tank being coupled to the first fluid inlet, and (iii) the liquid and
gas beismynmpunicatien with théevatking sezile aldlt'rwsbdrttrm}zglas mass flow ratio
rangi ng fromabout 11 to about 3:1. [0038]In this system the m st

furtherjobae] a NhQAR' &Mbbimterits tHeeheRiagt ohé st §engating dealte ist mbgnteld:
(i) amjority of droplets havi ng a dianmeter ranging from1l to 10

m Cr onSyitih 'tPne BricRisel dpadiifl & Hpnkr éé@%e@gfr&ﬁtm@%{?oa@%hs‘stnﬁg Yf:S@van
liters (57 L.) (fifteen gallons (15 ga to about ninety-five

(4550 B i‘"‘i it Rt efs Wndes 'ﬂe‘#‘?%%”g Fecliec o T o,
ol ure (8Eed £55 L @884, 8 19AL  M8ad el I 16860 A dnE i it two

(4590 cu ace, xt| ngui siinment™ t

rangi ng from ab ut 80 seconds bout 80

S ed TSt SenaRg g %‘a‘f%éﬁpaa%%fn? @uoﬁﬁﬁﬁd ottt B8 Ia fiEfhe =
m). [0039] A further di ment qf th ven aere rofection
ysi em M4y SBedA GharateRueaR o ab AL Bk Tk peprRuBtein 3
| east one atom zjng device dis osed in an encl sed s ace haV| ng, a

vol ume Rndant cepliguration &qf. arhﬁn%awe f@ﬂhtfr@nsmg%w pRa4%3.8qB- (9.8 1t
atom zing device includes: a first fluid inlet and a second fluid

inl et afdabewnd.Of or @Bdnit2i with 2 rcigasange frem any walt Bf dhe ensiaged | spase
In this system the atom zing device is nounted within the encl osed
space imangingafiomr 1 2tmat (4 §t.)stel B 4 monkld He), diid beingomoustadniy asideyyal
at | east two mi st generating devices disposed in the encl osed space,
wher ei ncarfigusatidnefas & sk@vallendosurd 5e@ht randing betiweeatabioehdt0 6 (B.3dt.) tn
-22- WD 2009/ 061471PCT/ US2008/ 012571 (9180 Cu. ft.), the at |east
two m sabg@ereOahl (5.4 €V beseath zposilinh ohtie agelosed gpap aaerihg Goneabosid
as to define a mninmum spaci ng therebetween of about 3.4 m (11 ft.),

(i) beiponBIRkEG dbcut RRede theailingwntidstre heighaBné Eihos Yieardraicotit
rangi ng between about 3.0 m (9.8 ft.) to about 5.0 m (16.4 ft.)

with a ﬁd Base9em| (@@fﬂpﬁomﬂéﬁy @&nbh%f BRCERISSESHHR; mpat RGsf fMrist2

m (4 ft.) to about 3. t.), (1i1i) being nounted in a

si dewal n n
e meni‘%@%ﬂﬁ‘@%‘de% gy et RGN e B8 o

ceiling e
bout | mige FefREha .*%é?a@n&? Zﬁfr@%{us Aotfed i) i p Sictrotod bR
at leasy 1. from corner &N (Y
2t 1 eactl g B i< silbbed prg iRt f?%ﬁn%ﬁa@% p%ﬁﬁiﬁd“ TP et
(o5 £t 55908 LPBLRTS0oHer Pl A4 Ean 'f‘%veaiaoﬁ’ﬁ 4 FE N ) o dbrut
of the nclos ace.r froml,2 m (4 ft. bout 3.4 (11
ft.) an c@g ﬂ)no?rﬂ%r(!é éﬁc‘ﬁg rtWByméFt(ﬂ%legﬁEE F'%‘ﬁ %1 effdo FROMAIRS I8 24
m (11ft ) to about 6.7 m (22 ft.) @&at I_east two m st
gener at ﬂﬁlgwa&@pa&auraaofnéorn@@tﬂewlh Qﬂcépsélf%lé f rangting gepyagnoabaw 1.6 m.
si dewal | encl osure hei ght rangi ng between about 1.0 m (3.3 ft.) to
about 5(H3fi.) taebaut .0) mbém@&tfh) %eaeathi agetingtafdhe mrclosed spggedanging
ranging fromabout 1.0 m (3.3 ft.) to about one half the ceiling
from about 1.0 m. (3.3 ft.) to about one half the ceiling enclosure height and with a
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WO 2009/ 061471PCT/ US2008/ 012571 [0040] This system further includes a
self-contained fluid supply source including a liquid supply coupl ed
to the fi mar2dod/odidrii nl et for discharge of |iquid from peEFUSHGN12i7Ng
device as an annulus, the fluid supply further including a gas supply
coupled to the second fluid inlet, at a pressure ranging from about
2.1 barclgasanga pf at legskbOum- 633 ft-isem @yamaer of the englosed spaee sHehate
atom zing device to mx with the Iiquid annulus in an optional,
chamberthgsat leagt twelinsist @ssgratiigefavicey egshtdefingr i esndeniing af odigeharass
the fire. The fluid supply further having a property that is sel ected
f r om t H@vinwan unohsirseted glisgharge patmwithiadiametenpf abeutesEumi Eell.)dyom
the gas supply, the liquid supply being coupled to the first fluid

i nl et ttbe gevicede drheppaging dvallpthiehdevice béingtmaunpied Ssum ¢heobppdsihg asll at
0.5 bar (7 psi.) for liquid flow through the first fluid passage,

(ii) a Ppdietmitei rangingaetiwedpapoth@B mnE2EiRg taabemk120 nat(3beait) withrthe
(3) 11.3 cu. m (400 cu. ft.) nitrogen gas cylinders, each cylinder
bei ng cumpdramhesLiatistHArge of il épieéspmwa&ﬂcé@héhﬁ? O%eﬁ&ﬁfénaibwad sgaéﬂggtg

with a regul ated discharge pressure fromthe manifold of at |east

bar ”qg“@@bi*?eﬁ‘g?@'?é?'l{‘i; )@g_?%m@ﬁo\ma%. 'ng:ﬁt_ydes at | east one

ni nety-fi twenty-five gallon’(25 gal.)) tank of fire

tank. oS Eou o TS Ao el B ESeikHBRael (RGN RORPSHiuaib
oes o0 PRESBAT-ABLT 5018 ek AR S BRI B i
1 Che B8 BB RN, et SRS, B sl

mcrons, (ii) a total |iquid supply_rangjng between about fifty-seven
liters *‘(‘@;’"ﬂ.ﬂP'C’(‘N‘%‘taéérPFS%?rLifSr@'%@é fiom g&? t%ﬁ’ﬁbfﬁo H$'§é?;?bf’%é4ﬁ ar
liters (95 L,) (twenty-five gallons (25 gal.)) for each 130 cu. m
(4550 3506l fosrdiahalass kamsPadinspetmpzdaity Wi vilnibp RUEbANTIA BHihAg
vol ume of |ess than about 8 gallons (8 gal.) for each 130 cu. m
(4590 cahanmber)swfs & deos die spsicls; addiass ﬂw figgn Ehe ifkiisl Buppte fyrthermias a
rangi ng from about 780 -24- WD 2009/061471PCT/ US2008/ 012571 seconds
t o abouwproperty twdisiselecied famihe gredipsioneisting p& <) the tihuig sbpplypsesatized
(1 kWcu. m) to about (8 kWcu. m). [0042]In another enbodi nent of
t hi s adpethie gds supply, ke hiquidrsupplydvaing soppled ital ddk first fluid iplebtoeorovinle the
system for addressing a fire with a mst, the fire having a
nor mal iliz@ed to tree inleteat rap@isegrebet seleastaeWar (X geiy Gar. ligiig fléw thlxvigh th8
kKWcu. m). This system conprises: an atom zer disposed in an
encl osefitsEMaAe paBsade) i) aRbsRizel R Mbpl3Ratinciutes AR oFlat iddst three
The atom zer includes: a first fluid passage having a first fluid
i nl et b, j '%ﬁgggq u i i i
t he ap;a)(lg’?;? hi?u'tsrgr?étﬂur g%q?f hi&'té)g%gssage ag??mb?l? gﬂmﬂg*i?h%!f%%@%?tﬁ
second f:).ai.d W] e f bubd L dleel, wan : i
r%fﬁg rr%%@ﬂ?:loﬂﬁlgh % dhe d hb‘ig gB{Pét B\ntﬂegl %@@gl SH'F’dufstﬁ’éar e

outl et secon passage di Sposé out 't udi na

cecond HELRYR 13 e GnmkihThy 4 bst 83.ba fiow,pd aRE3F Ay, Pl gt
e e
I 1 S A T AR R G W A

coupled to the first fluid inlet_at a flowrate of about 5.7 Ipm (1.5
gpm  f resupierbtodbedirslyiuid et and Kil) theuliavid apg ogs beindriovidss| ta dhe gevice
gas supply_cqugled to the second fluid inlet at a pressure rangi ng
from abB@ liglidiggas mass flowy ratioganging éremr akoutrlohia ﬁgomfr%ﬁ-s port nozzle
to mx wth the liquid in the chanber so as to formthe mst to
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-25- WD 2009/ 061471PCT/ US2008/ 012571 exti ngui shing vol une of | ess
t han about 8 gallons (8 gal.) for each 130 cu. m (4590 cu. ft.) of
encl osed apac®voand (i v) an extingui shnent tinme rangi ngCT/UBIMBIIOIN
780 seconds to about 80 seconds for normalized sized fires ranging
bet ween_about (1 kWcu. m) to about §8 kWcu. m) {004ﬁ%A}fUéthﬁ{
enbodi i@AEZbs tRdhisnsustemothe Bist THEther hAs & PRAPEEY NGt & BelsRted) ke@niheo
extinguish a fire including an exposed, shielded, pool, spray and/or
cascadidfgup icoasisting ef: ) Briedyef deepletgthavingsa digneetgr rRgng frorst 4¢ 18d
for introduction of a water m st volunme into an occupancy, the at
| east onisrensynfiiy e tadaluliqwid supply ranging hedwegn about fiffiseveppitgrs (Gfel.)
fluid supply being a water supply and the gas supply being a vol une
of ni t r{iffeen grdlofN?)5 gahPr @ aboditeninatyeiventitets (88 Lje(twenyHiveeghllons (25
defined by the gas being delivered at a pressure rangi ng from about
2. 1 bargd13p fosisacht a3about n24 (4590arcu( 3RP dfs ehclob@dAddel alefiees eattal
of the systens disclosed herein is preferably scal able to address
ei t her ,é)ﬂann@hﬁ@smgm@rofd@ﬁ 291 AKbLR BCYANDHE €8 YAl J SR eS80 cu. m. (4590
specifically, one preferred systemis preferably configured to
di scharge ) &l eidoddli 5Bhas,| QRY tdh ERnglidindit 8 RMGIRS #dnd RBGEL 780
be protected. Thus, in one preferred aspect of this énbodi nent, the
at | eastacafifis ® ABbEPAQ sBodndd 7| LndihfiTiz&€ sidti e BT AiE Between about (1
I a i t or nore of

subst an y equi val ent re protection congared

t he sa om zer tot.al volune discharged in the single
atonizgﬁNﬁ:'ghﬁﬁvgrﬁﬂggkgﬂﬁﬂé%QOtal vol unme di scharged by the two or
nore atQni.zers. hods ,of .M st Fire Protection 046 enbodi nent
of ¢ hi JO2BECE ASibee SEntiRcbient of che: BRI, ek B8 BPRHISE Ryt for
protection to address a tire in a substantially enclosed space havjng
a vol urRdeessipg pdyewitha mighabig svstert ;?0615’6'?63%1%5%?%‘ C(“Ps%)togliz.'”gnde‘”ce
(4590 cu. ft.)), which conprises using at |east one_atom zing device
di Sposéaspcpﬁ a %fbﬁ@@%?ﬁ sm%q;h@\ﬂ@@ agfolume of atpjgast 130 cu. m. (4590 cu. ft.),
2009/ 061471PCT/ US2008/ 012571 a mi st into the space, the at |east one
at om zithg atdensiconse pipgnigingvileviee including rd firsh dlugepassageohaving irfist fluid
fluid and a second fluid that includes a first fluid passage and a
second ifiletiandpa§sidlaid outetfdispxseti| abalit paepgitudinal\axisyohthel davicd, |the dirst
inlet and a first fluid outlet disposed about a |ongitudinal axis of
t he deviuie, passade rddfinfriguiad @aesthgeuddhdg nprudila thabotdnverges rigwardf thiee
t hat converges toward the |ongitudinal axis such that a flow path
decr eadeagitudinaldixsesidhothat adiow hethfdecrdaskt in 8 direbtdn froni the firstrfiiiid inlet
fluid outlet, the first fluid passage defining a total volune ranging

bet weentoahe st ¥l BOMtCthe fifet filig pHdetide 42iniR@Q tetal vBliime FMRifEBSMEen

fluid passage having a second fluid inlet and a second fluid outlet

t hrough 191066 ca. ##¢and 121 Eod ARTHAS a $&¥ndakAHaddadeth #%€cond fluid

di sposed about the |ongitudinal axis concentric with theTirst fluid
f1ui g . )

passagenc '&%d%fﬁ@%doﬁ&w %uﬂéﬁ?ﬁ?@gtﬁﬁ:&[}c@' é;geﬂiehdeﬁma \6%%%&& th %Egorﬁ fluid

expansit on ][an_gl ng rrom labOU][ ( gregs e Ssecon
Boout 3% g0 SboiebHifius e 1L AR %5 SBRUGHAe o R Rhugde

nozzl e. .Jhis od further_ includ nerating.a.liquid mst using
The ot WihRe B AGBpASsnaE, el TRl T o ithring o souaRat AROEor
the first flpuyid to the first gluid %nlet through he first fluid
passageS NSy [ANaNg Sr@nafa T 14 @Paut ABnde%ecs.i ther segancyfiyid: paisage
an annul us, delivering a gas as the second fluid of to the second
fluid ifRfENNGA tolab vakime eanging Rebyranaaboly 44 20Q Gemimigi ahpub 2Evilhcu.
about 2.1 bar (30 psi.) to about 24.1 bar (350 psi.). for gas flow
t hr oughMihe agidc 8nehdamberd i osayunigaliprd ivétbh Hrey dirstr and taesopd cliivid eutiatsl
outlet to mx with the liquid annulus so as to formthe mst, and
wherein the first and second fluid outlets are oriented relative to one another such

-12-



[ 0047] Anot her enbodi nent of this aspect of the present invention is a
met hod of total flooding mst fire protection for an encl osed space.
Thi s net hodo e@aPsiHses: di schargi ng a vol une of m st frpar/as2bsa@Esi7ione
atom zing device into the encl osed space, distributing the vol une of

m st so,as . tfo define a nsity for each unit of volunetric ace in
The. r ochet AheleiMEvBr aa, 1ol s Heidgnse  howers caaud & ARaTere arv ehgut 30
room and pI’OVI ding a self-contained fluid supply source. The self
cont ai rROrEES: d supply source includes: a liquid supply coupled to
the at | east one atom zing device for discharge of liquid fromthe
devi ce [#924h anthe systemrfurtheyinsludep sl setiecantained fivid $ipply soesetinduding
atom zing device at a pressure ranging fromabout 2.1 bar (30 psi.)

t o abouwa ligdid supaly ¢@pledta the first fluid Sulbbfog eifcharge bielicqlad from the firisk fluid
with the liquid annulus so as to formthe mst. In this nethod, the

provi di odlet wst e ranhalusg Thé dliddubplo nmisd oilidespa gRssipingogbled (tb) the
the liquid supply pressurized by the gas supply, the liquid supply

bei ng csse@hadividinidiat b prré*ssdrleuaﬂ%mglf@n hBoRr DY ibae #30"'69')&6 lalb@ui 24 thsar
inlet at a pressure of at |east bar (7 psi.) for liquid flow

t hr ough3bbesh.h f&tdlééﬂﬂrge RP$ B seddnid) iid B[zﬁétstﬁrm&e\glﬂgﬁ?e ﬁdﬁ?@'a}‘mhl?ﬁtm

I ncl udes a bank of east three (3) 11.3 cu.

ni trogqRe QGRS 58%%&% folfpR Bk ﬁﬁétltﬁ‘é H[) ut@:t@?ﬂ uﬂl;é'ﬂuﬁ:l% g&efghﬂgr has a

mani fol d coupled to the secon are

g A €0 N T b LT B 3bod ety

Vo 200%9@%4&]5 CT;!p%S%Ré’ ?c/.u(rll ZS%E%)Ey being coupled to the first fluid inlet to provide the
liquid to the inlet at a pressure of at least 0.5 bar (7 psi.) for liquid flow through the
first fluid passage; (ii) a pressurized gas supply that includes a bank of at least three
(3) 11.3 cu. m. (400 cu. ft.) nitrogen gas cylinders, each cylinder being coupled to a
piping manifold coupled to the second fluid outlet with a regulated discharge
pressure from the manifold of at least 6.9 bar (100 psi.), and a liquid supply that
includes at least one ninety-five liter (95 L.) (twenty-five gallon (25 gal.)) tank of fire
fighting liquid pressurized by the gas supply discharge pressure, the tank being
coupled to the first fluid inlet; and (iii) the liquid and gas being provided to the device
in a liquid-to-gas mass flow ratio ranging from about 1:1 to about 3:1.
[0025] In this system, the mist further has a property that is selected from the
group consisting of. (i) a majority of droplets having a diameter ranging from 1 to 10
microns, (i) a total liquid supply ranging between about fifty-seven liters (57 L.)
(fifteen gallons (15 gal.)} to about ninety-five liters (95 L.) (twenty-five gallons (25
gal)) for each 130 cu. m. (4590 cu. ft.) of enclosed space, (jii) defines a total

extinguishing volume of less than about 8 gallons (8 gal.) for each 130 cu. m. (4590
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(95 L.) (twenty-five gallon (25 gal.)) tank of fire fighting liquid
pressurized by the gas supply discharge pressure, the tank being
coupl ed tovoh@spsmst fluid inlet; and (iii) the |iqui dremtspasobsing
provided to the device in a |iquid-to-gas nass flow ratio ranging
from about ili to about 3: 1. %0048 ] This method may further conprise
gener at $hdti RE ERFlOpe fpﬁﬁangn {ivhAg w'newahwnh%@er@@gm emeabaut 20
the group consisting of: (i) a majority of droplets having a dianmeter
r angi ngSeqoeRs1tor abad 89 sesards fer nomnalged | sized; firel ranging petween rapout 1
bet vieen about fifty-seven liters (57 L.) (fifteen gallons (15 gal.))
t o aboukWitithen ytofabeat Bikbéics. 95 L.) (twenty-five gallons (25 gal.))
for each 130 cu. m (4590 Cu. ft.) of enclosed space, (iii) defines a
total ep0026Yui shifmgheoleambodihehtof théanverttiont isBagie protedtbrosystent dor
each 130 cu. m (4590 cu. ft.) of enclosed space, and (iv) an

ext i nguaddressihgtd fire wigngimit.f TR aletarh coffprizesomdeastcoribdalomisi device
seconds for nornalized sized fires rangi ng between about (1 k

m) to gbpeked B dﬁ'\/\éﬁétoséﬂ hpa&é’ﬂéﬂh@ R JdNirfie B Rehst B8 cat . ?QQ@O Eﬂeft)

atom zer may conpri se: first flurd passage having a first fluid

inlet afge atfddstlonk! é{bf%:ﬁl# g.c@' nPRass dégfgitﬂu?d ga q\(éJﬂ'é\Hﬁ% aqfﬂsﬁﬂefd

the apparatus, the first assage I ning
out I ot '“léﬁ'ea“gﬁﬂé‘ﬁﬁ%q@r%%*'%;’% s a%%%'sehﬂg% 'ﬁé't%‘é’ﬂ%eéf‘%ﬁ?%atb@aﬁft
second aé%%%gseigcﬁefﬁﬁhaﬁ% gty %ﬂaé b s oi‘fﬁf?e?sﬂesprtts?v%cfg e

di Sposg d in secon ass so t hat t ra e,
Fike A RN R W
axis, and a_ch atlon wi th_ the working nozzle and

t ranspo thﬁ&%tafgjo C?PB%O%F’m'@t gtﬂ?&sﬁ%@d?ﬂi'ﬂﬂé‘rtoﬁﬁfﬁ%ﬂ%rm Betwagn
liquid droplets formng t liquid mst, wherein a majority of the
dr opl et3PHEVIH 90 awerBY: t@@ﬁgnh@ﬂi BBfhey. mun 5 ansesopd Sluidrpassagst havdngray
further conprise generating turbulence in the volune so -29- WO
2009/ 063erPnRdinid cba z6zend Juidooutiet threugh whiclr a ertend fpidipasses, the
transporting and dispersing the liquid mst In this nethod, the gas
may be sfcobafiuidpassage digpesedhbous pee dongitodinial sxisatdnméntrtchwith the first
di scharging may include defining a total liquid volune to extinguish
a nor nefliid gpastage thezecondSluid passade Hofiwing Bnpequicalbhicangle &f dipdhsion
m), the total extinguishing volune ranging respectively from about

0. 57 | itanghgpesmcabiue 1ndtabout A0dedréds thé econt uid- ﬁ@éa% akfiging Pital
cubi c foot (.0042 gal./cu. ft.)) to 0.057 liters per cubic neter

(0 53)57 VOlUrRESYaRlging ThetwecPPAButIR4, bQDSCLPQﬁmCl{Q'ébJU@% 50@@94%mﬁa'ar{oca-

for a normalized range of fire sizes ranging from about One

kW m8) dHanfttlih c%rﬂr'?uhn(cgtrJSNVuﬂﬁD the h@?%ﬁh sB& nd! fﬁﬁcﬂ%hﬁét@gvmﬂg)’enl?qh? frst

function of the space being protected ave

Zg'?iu;g?ls mant v ﬂﬁfgt!é\%”arg % ourré% igﬂéﬁ‘gi %’%Hi'? Lqu%jﬁg‘éean
2
" qui d mi%“’gﬁ‘ﬁ.‘“%%é?%%es : %?%[53%%9 %s?”ahﬂs%aﬂféﬁé 9%6ESext | ngui shi ng

tinmes r ectively, mabout 780 se ds, . t o . about 80, seconds

f or norm?ﬂ; E@ sgﬁEeéE 5 Bay V\B%ﬁ“%ﬁ Wdﬂl“rch‘%Pé?ﬁeF $Rsce In

about (8 kW Li é] E met hod, prefer ablé di scharging. a

l'i qui d ang?“'é% m‘?duiss glec rloén af 8 gouPneansistingngé o alxleprdvenmiy

times from about 500 seconds to about 80 seconds for nornmalized fire

si zes ragigralndeevieendigpesed fnthevpraosed ypace. wherrin tie riveast 180 cu. m.

[0054] In this nmethod, nore preferably, discharging a liquid m st

ext i nguit88e£ua f) lseatalﬁas’&j%fﬁg@@s m (9480 euoft.)ethe atyleashitwg ristrgsnérading

about, 420 seconds to about 80 seconds for normalized fire sizes
devices are disposed in diagonally opposed corners so as to define a minimum
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[ 0055] I n anot her enbodi nent of this aspect of the invention, a nmethod
of generating a mst is provided. This nethod conprises: passing a
first flumbztdeposagh a first fluid passage of a m st gePer/E$A00812571
apparatus, wherein the first fluid passage has a first fluid outlet,
causing a second fluid to flow t hrough a_second fluid passag é Ei
m st gERSCRG Miprabpwesnust ahaet éid M-hel lsBdokll PeiigMEH @Qg@ RaBenden
second fluid outlet and a throat Portl on, the throat portion having a
smal | ercasfigyratiosdor angnciosuee beight tangingceeiween abioyt 3¢ me(9. B\ﬂa)ewe@bput
the first and second fluid outlets are oriented relative to one

anot her5.8 uah(tdift. )t Wity anclearaane drogh enpfwalinefi theraneldsedvapase3anging3oom
degrees, accelerating the flow of second fluid through the throat

por t i om.Bfm t{det. stecabalitf3.4ivd (pastsadit, bemg mejuatdd nga sidewhll cetfigurdtion for
second fluids fromtheir respective outlets such that a stream of
accel erasriéwaicaitlodurd inéidHt Tehgiag fbetweeh @bsat a1tdnd. (Bi3dit usd lablout Bram.s
a shear force on a streamof first fluid issuing fromthe first fluid

out| et (16l §!pendhbtt E%ﬂtnﬁﬂftth@bh?éloﬁé@@bﬁéé‘ﬁhﬁd’t‘ﬁg frorSabdutul. 0 nt.q3.3 ft)

Create a di spersed drople | ow regi me 0056] Anot her enbodi nent of

this asgefoupbnk Mty %@Ft:hg%ﬁcrﬁass%rfﬁéﬁgﬁaﬁr i h’?g@?fd?ﬁ:eaofrﬁt%astﬁm .

nmet hod conprlses passin Irst fluid passage

Firet 100 B00RL %”%%ﬁ?%ft W ARG Rphel, (01 B igeph Mo BRE 888 cRRR0°
fui d (iRl o dind P £ o AR RA Rion BEDELM, PGyt piken
fua g S peroie s To oy 8 FLf 43&%@%""%%%%5%? T abP B
Secona STIRTPLHAREnGING GPPChEAD: (oIas FEOLLS . LA CIRAReRE

t hey have an angl e of incidence of |ess than 90 rees, accelerating
the fl owez)an@téebhm ¥ dighance ragigs fione abayioht r@dﬂﬂ.fbgt%ab@uteﬁ E&rded ft.),
fluid passage, and ejecting the first and second fluids fromtheir
31-  \EDDOEY/ @i leFst Pve USRI ge0arzéing devpes thajag omoustesl duch sisewad
stream of accel erated second fluid issuing fromthe second fluid

out | et canfigutatioa fehasidef@ilcancinsuse beigbtiranging betweeh abodt | Hsmi (%3 fir)dm
the first fluid outlet, thereby at |east partially atom sing the
first fahoul 3.0 ner@&i4 ftd bhreyadn seckilitgppf e éhaesadegpane rdn@iig/frdimeabout
previ ous two enbodi nents may further conprise: creating a turbul ent

regi on 1.0 hhes. 3 eoaochfduti bie deilfrthé lce iy @nclosareohkight andngthpasiearsmcehs
di spersed droplet flow regine through the turbulent region, thereby

furtheraiabash p01MH. (318 ffl) F&rh drylddinenof the dHokmaebisgrhcd rstiehhat thevit least
regi ne. [0058] The net hods of the present invention may further

conpri S@é} %stsgea?@nngoaé\neéé ic3gnt B&nAE0 e BENET filndX of YidcPaRf! WMBOMg! BA

first and second s by varying the velocity and/or density of the

first it feiIScdrye Path with a diameter of about 1.5 m. (5 #.) from the device to
an opposing wall, the device being mounted from the opposing wall at a distance
ranging between about 3.8 m. (12.5 ft.) to about 12.0 m. (39.3 ft.) with the center
lines of discharge of the at least two devices having a perpendicular spacing ranging
between 1.0 m. (3.3 ft.) to about 4.6 m. (15 ft.).

[0028] This system further includes a self-contained fluid supply source, which

has a liquid supply coupled to the first fluid inlet for discharge of liquid from the first
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[ 0059] The met hods of present invention may further conprise the step
of adjusting the cross sectional area of the first fluid outlet in
order to wabyoobha4mxit velocity of the first fluid streeawuszo08mei2571
Preferably, the exit velocity is supersonic. Assenbly Methods

[0060] I n anot her enbodi nent_ of the present invention, a nethod of
assenbl it oatled as aganaplisi nigreafbpd sapply fuhgrriciugding. 2 gas supRlyreypled to
conprises the steps of: form-ng a base nenber containing first and
second thesiegond fipidyinteh ahagiressure ranging frofruabrit 2hk hbe(30psi) 40 mbeyt 24.1
bore, and axially and concentrically |ocating the funnel nmenber on

t he badwmr{8f0esi.sire kischatge fremidbie secomdrluid catles tonnibhwith ¢hes bquwd énhuluisd
supply channel, form ng an el ongate plug nenber, and axially and

concentinithal dhandderavhango fdven e pistetobeidréss theefireasEhertiotae susple Hurthert
a portion of the plug nenber lies within the bore and a second fluid

passagawé\ﬁngdgfﬁragéu;ggﬁmgrselé&e@%ﬁﬁmerg@ubmm@tstiﬁ?wp{ipﬂwemm@rsapply
formng a cover nenber, the cover nenber having a first end adapted

to enclgag Gﬁh%dfbsy*ﬂﬁ%l o ’ HiRfeRifEd iPteFFst ii®inlet t
2009/ 0 147siPCT/ U 2008? Og%ﬁllwg?(ﬁ gsgﬁ%@co%@gnt r‘?‘gdal I yel ogtatdé@(i)nnet ﬁe

base : Mot T C NhSd ; '
an out |apde HR3GERER] PR ot o bieRSlrer S St s el 37 2 RV hod
that a {| ' IS '
the. t urtptf et A BARAdel (1% braSR RS R Y BB RE MR ol b Ao
first flujd,outlet the fi fluid.passage and the second fl| ujd.
out 1 et RERREE 9 i e 5EE et H MRRER R A RhES S5 ShBkns et bElne
aspect of thjs enbodi ment,. e step of formn he funnel . may include
Form ndumet e & BEIRG Rl GonpRY atesProeTih ngr TR with Hfedideidd
the step of attaching the cover nenber to the base includes o
sandwi HSTpras PressHgdTomr freoRapifoldnel i lesst 6o RedA0P Hsi-doded ardinwdr
and t he base, 6&0062 I n anot her aspect of this enbodi nent, the step of
at t achi $ipphhthad dvaludeseatdlepst ene Rinshale litge (Mibs (ripyifing galien {39 @eal.)
menber such that the axial position of the cover nenber may be
adj ust ¢ank of &ire lighting liqwid peassurized by the gas supply discharge pressure, the tank
being coupled to the first fluid inlet, and (iii) the liquid and gas being provided to the
device in a liquid-to-gas mass flow ratio ranging from about 1:1 to about 3:1.
[0029] In this system, the mist has a property selected from the group consisting
of: (i) a majority of droplets having a diameter ranging from 1 to 10 microns, (i) a
totai liquid supply ranging between about fifty-seven liters (57 L.) (fifteen gallons (15
gal.}) to about ninety-five liters (95 L.) (twenty-five gallons (25 gal.)) for each 130 cu.
m. (4590 cu. ft.) of enclosed space, (i) defines a total extinguishing volume of less
than about 8 gallons (8 gal.) for each 130 cu. m. (4580 cu. ft.) of enclosed space;
and (iv) an extinguishment time ranging from about 780 seconds to about 80

seconds for normalized sized fires ranging between about 1 kW/cu. m. to about 8

kW/cu. m.
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[0063] I n a aspect of this enbodinent, the step of attaching the plug
menber to the base includes threading the plug nenber onto the base
such t hat waeotaméiatl position of the plug may be adj ust edrmwsicag/éresrit o
t he base and the funnel. The Atom zing Device [0064] I n anot her
enbodi nent _of the present invention, an atom zi n%_ device is provided.
This dd9P8ll cordprateers embaditngnt fof (fhe iPxeRliGIE i Ty RIofectien sysierp for
inlet and a first fluid outlet disposed about a |ongitudinal axis of
t he de\adssessing affire yyithf a unigt. pAbisaystede comiprges: alderationewatomiging devicee
that converges toward the |ongitudinal axis such that a flow path
decr easdispdsedandin entlosed space hindng arnaiurhé of dt leakt1 30 out e (459G cu. ft.).
fluid outlet, the first fluid passage defining a total volune ranging
bet weerTlabatileabl 9n8Clomizingrihevice indlotés: 122 firsh Glidc passage, havirsge adiret fluid
fluid passage having a second fluid inlet and a second fluid outl et
t hr oughinishiagld #fisstgardoliteti dispusedetbout Blongiariithl-a%& of @ device, the first -
2009/ 061471PCT/ US2008/ 012571 fl uid passage di sposed about the
| ongi t ugliidabasedge GRMARY fd Csibbih tdhevind r@toﬁfé Uhgt RamvaeRs (hRakecord
fluid passage 'defining an equival ent angle of expansion ranging from
about ]10f1 tihid taxdOs &Paflo tgg%ﬁ%ségmgdﬂﬁgﬁﬁgﬁargﬁésg?r&mﬁ inlet
, cu. out : cu. nm,

total volUne rangl ng between M to a

i Eecimﬁﬁ%fﬁ#hﬂiﬁﬁﬁfﬁgﬁ@%ig %ﬁ%%%%@%@*j@ g et ol e AR,
slgiff t ﬁ%h%:? oy bgl e il eBot Z?ﬁéﬁééﬁ%@%&?@hﬁ%&iﬁp@é‘%@é f%\é‘fddﬁd
or e ontSRERDRALIDIMCIATCR SRFSNE JUBRHIBE TraUG Wit Seapia o dcRpeces e

conprises: a first fluid passage having a first fluid inlet and a
first fyameaddiq aasa@g,%ms%cﬂnoum% aitydingh pxig,gancgptrichwitly dhe dst
the first fluid passage defining a snooth curving profile that )
conver J84d Pgneaee.tthe sesag (Wl Rapsaga definieg anreguigalentoangiatal expansion
decreases in a direction fromthe first fluid inlet to the first
fluid oaengeg, fremeabiou dttofabgull 4pdagaers. deg sacoryl Huid presbage dafiming antptalg
bet ween about 119,000 cu. mm to about 121,500 cu. mm and a second
fluid padgagerangingngetwesrc @dB00 gindniml & abadt 2556000 frinu, cenolual self-
t hrough which a second fluid passes, the second fluid passage

di sposezbrddinad fiulte shppigisbucieninkcluaitigsa diquidesuppiyc coupléd tdéhd Firss tfiufd Imilet
passage, the second fluid passage defining an equival ent angl e of
expansifondisengigagof liquid frbeUthe Firéiofluidd outletddd sleaneaias, thbdlusesopsly flithat
passage defining a total volune rangi ng between 24,300 cu. mm to

about 2ZRclbBMgCal galMBupphhEosREP NS thd YbsorRpRgiadsietiaf bpra8s@elaA§mBOTdm
nozzl e, the second flui'd passage bei ng di sposed at angl e of incidence

bet weenydig A 4 bk (gocbsg?g@%om Bitq HhOpsPALdS gg* HRcARGLSHGh. thaCddienae

rangi ng between about degrees and about 30 grees. [ 0066] I'n

Govi co 1T OB b6 bith T {BRFERn b i o GRIEAAL A 2, B0 T HSoserl

atom zi ﬁ‘&ei’n?’éb as to form the mist to address the fire.
[0031] in this system, the fluid supply further has a property that is selected from
the group consisting of: (i) the liquid supply pressurized by the gas supply, the liquid
supply being coupled to the first fluid inlet to provide the liquid to the inlet at a
pressure of at least 0.5 bar (7 psi.) for liquid flow through the first fluid passage, (i) a

pressurized gas supply that includes a bank of at least three (3) 11.3 cu. m. (400 cu.
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WO 2009/ 061471PCT/ US2008/ 012571 device conprises: a first fluid
passage having a first fluid inlet for receipt of the liquid at a

fl ow rat e voetoeesi4mbout 1-4 gpm such as e.g., betweenrebyosdosiids?i pm
to about 7.61 Ipm (1-2 gpm, the first fluid passage having a first
fluid qutlet disposed about a | ongitudinal axis of the apparatus for
di schargenitiogenigas gvlipderss pasky CMH??&@@'%C%J ixa PAP'EQJE% 34 GPupled
passage having a second fluid inlet for receipt of the gas at a

pr essurte the sagend flgdouligt with Goregylated disnbargeduagsyre diam gu%g@@efowa@fi g
a second fluid outlet for discharge of the gas, the second fluid
passagdeasid.atbad (100 psit)nandia Byuith aspplydhati ingudesi ahleast ondwinety-five liter
| ongi tudi nal axis of the apparatus and co-axial with the first fluid
passag€g5d.. s{tiventypiivat galino@5dial otamit of fire fightireriindd presstriped bgdke gas
that the second fluid passage defines a divergent flow pattern with
r espectsuppiyt diechargeiproseure] thaxtapk being Soupledrimthentrgt fluitihielet;i and dii)ahd
gas are discharged fromthe first and second fluid outlets so as to

form a ijurt andvghs Belrey proviieaUBIha dkiirk ity adRid Rl g&PMAYs MR ki -rafdifg
spray pattern defining an included angle with the |ongitudinal axis

of abouytord 2pEELY 9688 abBEE4Qr abl y, the device further conprises a
chamber Iin communication with the first and second fluid outlets for

m xt ur E[O@é%]éhe th 'tH! %&Whﬁﬁgﬁt%nﬁégﬁﬁ% %‘r@p%aﬁgftgémst egfieﬁtfr?m the

[ 0067] I'n artot her enbodi e hi's" ‘aspect resent I nvention,
there i I 1,5t ner.at | rat us I I i i udi

axi o hplP Fop&Rlnd o (Fra,MelEES oL IR PPce BRNI Pnafb} W gp
fluid inlet and a first fluid outlet and, a second fluid passage

navi ng BeCasH Attt ouic Supal i ReefeiT GP0H b sSveR WeiFce7 L)
fluid passage surrounds the second flujd passage nd the first an
second Utged Galiens. (15 9aL)do; abpiddinely e ierso k) dhisterive LHﬁIIOPﬁa@S
t hey have_an angl e of incidence between 5 and 30 degrees. The second
fluid gdafRr aach 330newam. pdePos.| e Afcendesate spata elii cdefinest puotpl
inlet and the second fluid outlet, wherein the throat portion WO
2009/ oMingmeiingsrdese of dess1 theaabeut Begallens ¢8 gsk) f@é@ﬁpg 30 e ¢ 68A
that of either the second fluid inlet or second fluid outlet.

[ 0068] lau. tfh) of entloskdrepace; mretf Gyv)adn wxtihguishraent tirhe oabgingdeom tabeut 780
throat portion and the second fluid outlet is between 2:3 and 1:4.

[ 0069] Isecbhds terdbadi Bnsecande fbr metmalizsiddsiped Siege rarayind &chvossat about 1
radially outward fromthe second fluid passage. [0070] Preferably, the
first aw/cseanns abbul 8lkptssages are coaxial with the | ongitudinal
axis of the apparatus. [0071]In this enbodinent, the first fluid

passagqioua conprfugReraBribddihemdbrtie: MVNtien ko8 MiredpltdcieANsydiém for
first fluid inlet and the first fluid outlet, wherein the

i nter i : t 4 i ief [ i i i .
Lhat | ot St iRg B e ileh distr TR SRR LBMprBEEM sk BnkSatbMiAR dblies

0072] | oSy i 'aﬁggd }?:g;?ﬁq t i 3% igf St
I[l ui d] smu%‘%) ﬁc‘ﬁggﬁ%? ayl ?fég&% Irs Qe%@rg%égég[?tapgi%{gggg@h ﬁgeogcé'g{'g
I ' lLyjd. . d ted to the.fi flui.d
i ot ofte B lasf anb At A By SEGRIAER S T AR S le iR et
b d to. I fo d flyid. d. t ed
05 a8l BUPE DS e kbl b Sl BSOS IS
h ls . bst ant.i al | llel to the | j tudi nal i f th
appar Al BREHERasEPNnen e FiRaPhr Ui (benie dheh cobyemesndevaetia?
that contains the first and _second fluid supply channels. [0073] The
appar at'68gitidingl @xisnrichdbala flow Rath ger@asae ifbe dirgelipraliiora) tha destdlugs indpt
menber, wherein the funnel nenber has a bore and is adapted to
coaxi altpyhe fied fleic petiet: the firakuidpassagesdefiningattotaheolbmesranginguretyeeas

with the second fluid supply channel, and wherein the plug nenber is
about 119,000 cu. mm. to about 121,500 cu. mm. and a second fluid passage having
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WO 2009/ 061471PCT/ US2008/ 012571 menber such that a portion of the
plug lies wthin the bore and the second fluid passage is defined
bet ween t heobtemmnels7iand t he plug. [0074] The appar at us nmegT/fsfobsi@ns
conprise a cover nenber which encl oses the base nenber, the funnel
menber and the plug nenber such that the first fluid passage i s

def i nedd 5ecaRe Auichinkzitand apecaed flgid ewietitbiavan whigh hse fluid rrasses,
of the cover nenber. Preferably, the cover nenber has a first end
adapt edtheoseesidi Buifypasgage dispused: seoubdbe largivsinal raxish sorganiie: adth the
thereto, and a second end having an outl et adapted to conmunicate

wi t h t hiirst ifhid passagecdhel $eanind fuid passader efefininigl wn eheivalenb nehgledof
of the cover includes an axially projecting lip portion, the lip

por t i onexfedrisiom garsging: feonh wbeuk t to@aboot 4ot degreas t thel Becdrid ftidapdssage
second fluid outlets. [0075]1In the apparatus, the plug nmenber has a

first edefirMig ahol vaafesrahgingiethess 2a00au. aite. 1 fRAORE, 580G UMREH

defines the second fluid passage, wherein the second end has an end

face whjop3als clangay @ysteRD Bk! devibe i PG Swittih 8hé WHXRIscAEShSe ¥
include a radially projecting flange portion, wherein the flange

ﬁ%i e A RS oRor £ = oS, € st B Rtre
menber Og]é\g{?g{ hfggﬁs@@ﬂ?ﬂ@ n%rz?l%dyggae@é;mezgig?ﬂr%&ttl 2 ‘f:{bgc@ﬁ’g?‘ 4590 cu.

Fgg%il t.ge qe c?ver m}?e % g € y,.he ﬁr Ie\altg d ont tﬁsebase
such th‘gt) '? §§T§a$é‘g§¥| ‘oﬁﬂ ﬂ ?lﬂ‘;{‘gl{ﬂsnﬁe%éﬁ' R%W'ngg'a?r&ﬁ[‘% evices

relative to the base and the funnel. [0079]1n another enbodi nent of
Chi s nsfsbtedt TordRgpaal, OPPAsEh s, Ar 85 119" SRS M TGt Spading
generat | ngqa par at ?s having a | ongitudi nal axis. The aF’par atus -37-

Y0 2000GRRERERT 0 8bB8kA 41ms 41T Airih BAI meUPTadin 3 PahdeRERiguration

having a first fluid inlet and a first fluid outlet and a second
fluid p%ssaRNIREHdeight sangiad Petveen abeyt HBd oSk Harta about § b ((46.4
The first fluid passage surrounds the second fluid passage and the
first aitdwibcoelgarangedroonenyveallaféhe enednsedispadeatangmgtfoororie2 amd# iy to
such that they have an angle of incidence of |ess than 90 degrees. In
t hi s apazouwttdid, mt KBl fac ifid beingi nhopateshinpea ismi=walle soreigunatiet fopa sideavall
| ocat ed between the second fluid inlet and the second fluid outlet,

t he t hreatloguretheighthamging betwvezinl aoutrnémseBifanad sdvansithan bt fof
either the second fluid inlet or second fluid outlet such that the

area r apérfedieavesting bfthehermidsepiospdcevapgiflgtifem speand of mui3l3au) tehbd st
between 2:3 and 1:4. The apparatus includes the first fluid passage

bei ng | a5 haH thadeithy ¥enldsWRE HelghPahd Withs$ eRBfarideUhiRasstans m. (30983
In this enbodiment, the first and second fluid passages are coaxi al

ot o8] Sl 0 bt 030000 ok OOF B, Wi v
mounted in a pendent configuration for an enclosure height ranging between about
3.0 m. (9.8 ft.) to about 5.0 m. (16.4 ft.) with a clearance from any wall of the
enclosed space ranging from about 1.2 m. (4 ft.) to about 3.4 m. (11 ft.) and spaced
from one another by a distance ranging from about 3.4 m. (11 ft.) to about 6.7 m. (22
ft.), and (v) at least two mist generating devices being mounted in a sidewall
configuration for a sidewall enclosure height ranging between about 1.0 m. (3.3 f£.) to

about 5.0 m. (16.4 ft.) beneath a ceiling of the enclosed space ranging from about
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portion | ocated between the first fluid inlet and the first fluid
outlet, the internediate portion having a cross sectional area which
is |arger wdnamondiatr of either the first fluid inlet orpé¢bhesfbgiEbsr
fluid outlet. [0082] The apparatus of this enbodi nent further
conprises: a first fluid suRpIy channel having a first end adapted to
be connkBtBdK3dfta ta @i one haiftthe seiling encloawe height and withea clearanaeeef
to the first fluid inlet and a second fluid supply channel having a
first eatdeastabOed. (303 it foamreayt emineoofsths igmelosedispace etichdhél thiedatdedsta
second end connected to the second fluid inlet, wherein the first and
second tawpplist ghaamraéhg devicerlksichndefald v pentel lliak ob didvhalgendiavirdy 2al
axis of the apparatus. In this enbodi nent, the apparatus further

conpri sembatrpeied disshege patd witlh atdiameter e abbutst. 5 and5FeLhosh theWedice to
supply channels. WD 2009/ 061471PCT/ US2008/ 012571 [ 0083] The appar at us

nmay COgH Egsogn@wmﬁltthre B&flg AoGhteAGRING the %FBQWP%" wher gisthricee
funnel nmenber has a bore and is adapted to coaxially locate upon the
b . . t i

ase ”%Hgﬁg@%ﬂ%&ﬁ%@%ﬁg ; U.Wﬁgﬁcﬁﬁ 4.6 tn .:??t.c)%gh theidénter

supply ch ereint er I's adapted t'o be aftached

0 7 3B Ul e s B, BBl ¥
th I [ ' t furth [

e ' kRS D P BB iy, g ooee s e comr o o
e ot OB Rt o SRS s A
e AP0 LS S ok

second end having an outl et adapted to communicate with the first and
second Ytigt @sAnR paRdlus, the; had sypaivafusenincluding arRsasyrlY covpleddedbad
end of the cover includes an axially projecting lip portion, the lip
por t i orsegend diuishinkel ah paaressureirangiogiion abeutéht War [BQ pei.) fto eboutiddl 1 bar
second fluid outlets. [0085]In this enbodi nent, the plug nenber has a
first d380wisi.tforatischangs froon theesdrame fimadrbatietdndnix witc thedliguid anhiubis in
defines the second fluid passage, wherein the second end has an end

f ace wmarcopfionat chamber a§ 0086 |distlddedshersing do rbd fori ehef mnigted aderdysrthe
includes a radially projecting flange portion, wherein the flange
por ti orfires Therfliid sirgsly hethee dastahpropasy thatid ssleated fidhe tiOYRIupTBRIFRRING O
mai ntain the axial 'position of the funnel nenber relative to the base

menber . ofPetheraRld/suppie pfﬁ%@@ﬁﬁéd@%g‘ﬁea%jﬁ%ﬁ@,%ﬁé hq&ih%{)gﬂteoh%%%ébupieci

position of the cover nenber may rel ative ase. In

the apparat hﬂi?st(?i‘uic?mi&%fm@idettﬁé|i&tbiH€ioffﬁéThfété’fﬁé’ ersErIr% qga%”jﬁ.gtt}edge

base such that the axial position of the plug nme y be a
| ati 9392 . :
2000/ 06 AFTIGHOHB TR Difoba e R nig pateage 8 e presaurze gpe.aumpy tat
1 st I t i A h .
Secti onipugks RO, ARl POTHES B, i eg BRRLT ot o Sypgers.
d i val I i f .1h fluid
bt weerf dtHenAgh oM upleCERERRD sPen s pEBSRR o e e BRE 108 e
10 d . Th ; ti I f the, fluid qutlet
be ber e SERaT B8rRESE a7 e MR il e B oo PR
first fluid outlet. Mreover, the first and second fluid out|ets may
be | ocaﬁr@daaléﬂ%éHPPUn@'aémIH@?s. apleast anes Bineprien ites (9B He ) thantydive
[ 0088] The acconpanyi ng draw ngs, which are incorporated herein and
const | taallen{26tgab) tenksofdisediontivariauie, presswizeday thexgaplsepply discharge
enbodi nents of the invention, and, together with the general

descri paressurgi thentamboveingropupled thethel firstl fididsioletpand iy khee liqid| avd gas
serve to explain the features of the invention.
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[0089]FIG 1 is .a schematic illustration of a preferred |iquid m st

fire protection system [0090]FIG 2 is a schematic illustration of
anot her emwrbiosrang7iof a preferred liquid mst fire propEnU$NEs/EITEem
[0091]FIG 3A is an isonetric schematic illustration of an enbodi nent

of the systemof FIG 1. [O092]FIG 3B is an isonmetric schematic
i | | ust gingprayideshistthe deyiegdaianisnid--genmass Slowhralie ranging from about 1:1

[0093]FIG 3Cis an isonetric schematic illustration of another

enbodi fe@bout 3tlhe systemof FIG 1. [0094]FIG 3D is an isonetric
schematic illustration of yet another enbodi nent of the system of

FI G 1.[00%&) 2006/thi§ 1sy&idraTIHASARNGFUARES Ras [20p@pERY Ghatdié seleatad from the
installation schematic for the systemof FIG 3A [0096]FIG 4B is an

i nst al |gtbrh|@&oﬁ§ib&ﬁ?bf:({i)fa)ma]dmy oy aiopletehaking. a dBmeter ranging fréiCBio 07
are respectively elevation, plan and side views of a self-contained

fluid sHerdng, SH) @ foal ktﬁﬁdlémppltyﬁgﬂggrgl ¢ Hetviderlabout Hiftpadveriifdes (57 L.)

[ 0097] FI G 8'is a schematlc | on of the operation of the

igfr:) gr | 1;]' gé%tf gﬁ?rrus; é%]$ tﬁri) %ty%vbshtérspf%f ) TR Ry AVvEtgallons (25
gal.)) for each 130 cu. m. (4590 cu. ft.) of enclosed space, (i) defines a total
extinguishing volume of less than about 8 gallons (8 gal.) for each 130 cu. m. (4590
cu. ft.} of enclosed space, and (iv) an extinguishment time ranging from about 780
seconds to about 80 seconds for normalized sized fires ranging between about (1
kW/cu. m.) to about (8 kW/cu. m.).

[0037] Another embodiment of the invention is a fire protection system for
addressing a fire with a mist. This system comprises at least one atomizing device
disposed in an enclosed space having a volume of at least 130 cu. m. (4590 cu. ft.).
The at least one atomizing device includes: a first fluid inlet and a second fluid inlet,
me.ans for atomizing a first fluid and with a second fluid, and a self-contained fluid
supply source including a liquid supply coupled to the first fluid inlet for discharge of
liquid from the atomizing device as an annulus, the fluid supply further including a
gas supply coupled to the second fluid inlet at a pressure ranging from about 2.1 bar
(30 psi.) to about 24.1 bar (350 psi.} for discharge from the atomizing device to mix
with the liquid annulus in the chamber so as to form the mist to address the fire. The
fluid supply further having a property that is selected from the group consisting of: (i)
the liquid supply pressurized by the gas supply, the liquid supply being coupled to
the first fluid inlet to provide the liquid to the inlet at a pressure of at least 0.5 bar (7

psi.) for liquid flow through the first fluid passage, (ii) a pressurized gas supply that
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[0099] FIG 10 is another performance plot conparing preferred systens
to known systens. [0100]FIG 11 is a cross-sectional view of one
enbodi mrenwmicososiation zer assenbly. [0101] FIG 11A is Bcrhesmidieek7vi ew
of the atom zer assenbly of FIG 11. [0102]FIG 12A is anot her
detailed view of the atom zer assenbly of FIG 11, [Q103]FIG 12B is
a di agragivges arRankepfAt; ieﬁgtﬁhﬁeeo@mée% CHpRR. l&é@%ageé ) BHtrqged SRS RYWERTST
FIG 11. c530104] FIG 13 is a cross-sectional view of the base of the
at oni ze¥achfcyfinder being[@uphid-taca pigiag irsanifold saupiad toitbe seeont duishewetialf
FIG 13. [0106]FIG 14 is a cross-sectional view of the funnel of the
at om zavithoé reg@atexdl dispiodrge] fressuréSrans the orardfeldsefcat least 6.9i aw (300 tisé),
plug of the atom zer of FIG 11. [0108]FIG 16 is a cross-sectional

vi ew ofariche I rsupplyt that dhcloties at déadtidhe hinehf-O Uldr G5 LY (twerty-five
cross-sectional view of an enbodi nent of another atom zer assenbly.

0110 ifon {26 da8.)ptatRt 6f Aredightiay liQlid pessuBdezBy tes gasthy dictka
[ 1/\3 20839(/ 069147)?PCT/ U8200I89H31%1591I [glfl] FI ngs |§ a pph! diEekarge

135 MR e gD o e o

18. being provided to the device in a liquid-to-gas mass flow ratio ranging from about 1:1
to about 3:1.
[0038] in this system, the mist further has a property that is selected from the
group consisting of: (i) a majority of droplets having a diameter ranging from 1 to 10
microns, (i) a total liquid supply ranging between about fifty-seven liters (57 L.)
(fifteen gallons (15 gal.)) to about ninety-five liters (95 L.) (twenty-five gallons (25
gal.)) for each 130 cu. m. (4590 cu. ft.) of enclosed space, (iii) defines a total
extinguishing volume of less than about 8 gallons (8 gal.) for each 130 cu. m. (4590
cu. ft.) of enclosed space; and (iv) an extinguishment time ranging from about 780
seconds to about 80 seconds for normalized sized fires ranging between about {1
KW/cu. m.) to about (8 kW/cu. m.).
[0039] A further embodiment of the invention is a fire protection system for
addressing a fire with a mist. This system comprises at least one atomizing device
disposed in an enclosed space having a volume of at least 130 cu. m. (4590 cu. ft.).
The at least one atomizing device includes: a first fluid inlet and a second fluid inlet
and means for atomizing a first fluid and with a second fluid. In this system, the
atomizing device is mounted within the enclosed space in a manner that is selected
from the group consisting of: (i) at least two mist generating devices disposed in the

enclosed space, wherein the at least 130 cu. m. (4590 cu. ft.) is at least 260 cu. m.
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[0113]FIG 19 is a cross-sectional view of a fluid passage in the
atom zer of FIG 11. [0114]FIG 19A is a detailed view of the fluid
passage ofwobk@s/odid71 [0115]FIG 20 is a schematic di agr agr/@k2oas/@psiay
pattern fromthe atom zer of FIG 11. [0116]FIG 21 is an expl oded
view of the atom zer of FIG 11 and a protective cap. [O0117]FI G 22
is a pl@18anhemi fig, the atuleashitwoemistegrnaieljnglidevicepudicpesest inrdpgenally
sizes in a spray pattern fromthe atom zer of FIG 11. Mode(s) For
Car ryi repposedidoenens\anas do definefaemininhuBy spasisg tHaehaiveeovef about3 m.
is a preferred m st system 100, preferably a liquid mst, for

provi di{1d ft.pt(&)l bdihg atbhundedrirs& pehdentpronfigotation fof amanaoslirededgistpanging
120. More specifically, the mst system 100 provides for droplets of
a fire petgbbhrniboad S0 nsUSBfded aboa DBIn.t (1814 {9 witis tar dlbaraede from any
t hr oughout the encl osed space in a concentration effective to

addr essyalPbeties @Bblse8¥paet rAhginl FRIESIS2 FA(4™AI) qo RiRue 3Py, (11 1t.), (iii)
extinguish a fire. The fire fighting agent 1s preferably a liquid

h > e . . . .

igﬁ bgs%et'ig%;w or ur'tﬁhaer In at"h@rgﬁj Qa;% ?r?gﬁa\béé s%ﬂ%@aﬂc{r@l&ﬁu&%ﬁe@tggg?g
b f . I fi ' £

can_ne Berh@Bil AR 8, m 15 238! Sho s BMINE 0!t RN BB B the

( AFFF) can be roma syn ircall oduced nat

S el KPR Faied A S S (TR S e IR, i,
e A ST e Sy e LS L5700k B B o

requiri Rg fire protection of flammable |iqujid hazards in nachi ner%e
spaces, g sadosedpased (Whahieast v put genemitnoevesisoneuntss ini BeReent
encl osures. The encl osed space 120 can be characterized bé/ vari ous

di nensi @figutalighder anienclasyre helhheanging betwgap aboul 3ioina (9. Bk kbta/abeite
V nmeasured in cubic neters (cu. m) or cubic feet (cu. ft.); or b

its |ine8md(Yehdionih setlearancmfionyany svall of the)erslosedrapase eyt fremd
width. The total free volune V is defined as the volune of the

encl osut.@ ror (4 fontonabhogt 3Memt i(Xedt. vahdispaced fioli ohetdrotlierxiy avdistanse
is defined by the fixed or permanent equi pnent or other solid

obst r uctangimgl foorat abiit 18.4 Ine @rck.p saabou B 724)] Rieftdnahd $@datsipastetival Aist
is preferably sealed off to prevent any ventil ated exchange between
the i ntgarepatiigf ddvicesntieiRednspdted N tdideveall Sdofifig@ration ofvireat sidewall
Alternatively, the maximumtotal area of all natural ventilation

openi ngsndldEure tHifgPR@Ging b&wecHOSBNRYED rhS (318 fIPte abbansd kh. Yasar &.)
neters (sq. m) (43.1 square feet (sq. ft.)). Further in the

al ter naidnedih Ea"t%iil"f@ibﬁ‘ﬁ@ HcfG Rl sﬂ&b%ﬁéinyﬁ% lBbLOP.00Re (‘3.9%) ﬁ?@oout
i ncrease provided tthe enclosed space haS Tire rated cl osures that
t omat - - : t

Fhe. encl S nalf s, B8d BARCSE! FEIARR ol ilFa Bhah e ol at sedbt 18 o7 X000
shut orTody SRREE ol e srtloss8 ek By ik B hEIRRt o Y5k BEhEHbS

0121] The. f d.syst 0Q. i d o t d f.erabl
o of FEIEES BEY GEO 30 OB JBReT =t RO AR T B A 1ok P iR st ST A%
anci ot VULAEIATS(Eh 6! GPEGh AT daVIEadia Joviss db Grarraes, Al dhed
atom zing,devices or atom zers. In the |ljquid mst system 100, each
of the Y8ViRA beipg Maunted from dbseprpeiagiva i 2 distancey(Anging between about

3.8 m. (12.5 ft.) to about 12.0 m. (39.3 ft.) with the center lines of discharge of the at
least two devices having a perpendicular spacing ranging between 1.0 m. (3.3 ft.) to

about 4.6 m. (15 ft.).
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WD 2009/ 061471PCT/ US2008/ 012571 source 140 of fire fighting fluid,
preferably water, and a pressurized gas source 150, preferably
nitrogen ovo somwesiatiher conpressible fluid. The gas sourceuimbsioi2sm
preferably serves as an atom zing gas to generate the liquid m st and
as a carrier gas for distribution of the liquid droplets form ng the
i qui d [RP40]1 THEhigaystemfucthen Foludes sgikeempined fuid suprly sawicerieledinge
gas can further serve as an inerting agent, enhancing fire

suppr ess liguid sapplyrcoaptee to[the fptrhuid mletdordischargeiofj ligdid Stm dee atoonizing
t he gas source 150 of the system 100 form a sel f-contai ned assenbly
such t hidvidehas aysaremldd) Ghd dsidasup piy @l emtluding rac ga® upply wod pledotogthe.
In the preferred system 100, the liquid source 140 is preferably a
dedi catsetont il mlaaRe atpralswk rhhgiagficahabog 2.1 @ar 30 psid tbR®oBR24.1 bar
source 150 is preferably a bank of inert gas cylinders. The gas

sour ce (350 psp) ﬁi?'ﬂiiﬁl%ﬁlfaﬂjb fromathbeRemiZintEdavitetd inSc Wbk BReLRldi® annulus in an

preferably in parallel, to the tank of water 140 and each one of the

at om Z&drtiohdPchdiiBedas, 8 QUr GiScibeld PERSR Usd 8t ththidt &9 dbakss4Be
so that the water can be~provided to each atom zer 130 at a desired

Ki g T f ] |
Wor ki NGir8Y CTRE! fui %pﬁfm{@reg%gﬁ%naf?g?é] hg@ﬁ%ﬁ%@ﬁ%ﬁ fﬂnﬁﬂttﬂé%‘oﬁﬁs

the gas wth whic om ze

Phe i g oistBE T O ik, REVE Aol AFRssDe ) B, €8 dbs Hindll v (e BybBY

transpqrt _and distribute. the .m thro out the .enclosure vol une V.
The T dies Sounled 4 s bkt B Mleb o eRvEisIRE v B 8P TupSH piegsiE or a
provi de for_ a dischar duration fromthe atom.zers of at | east about
ten mi ﬁa?%s(?ﬁé:r%rr{&@ﬁ??%h%@ﬂem Eryabaife E%@H@ip@é%&?vf(ﬂ)r agpieggurized
di scharge of the available Iiquid and gas supplies in a tinme that is
ei t her GAScBHRMY Biat incdudesa hapk #f af legstifireg 3231 SeEwm. (4006 ftpnitieggh
al ternate enbodi ment 200 of the preferred mi st system Instead of
utilizigRs seirdesaneachaylindejubaingnepupled dappifirisg masifeldseamiedo ibes
avai |l abl e water and gas supplies of the facility being protected. For
exanpl esecowd fR@hould Mmith 2CeyustaDEisoNaE2 Pressurs yrone the20@nifold afaatHeadt
its atom zers 230 can be connected, via a manifold 252, to the main
wat er Suprday (260 pan) dridea digaidssypply tiiOnclidédheat feaet bhé ninetyfibie ditera95
pl ant, being protected by the preferred system [0124]Referring again
to FI GL.ﬂ.,(mdlw-ﬁvefﬁllbﬁC{ZSVQ?GiQmérﬂ@onim/ﬁ%ﬂmg Wydidi pressigizeachp siesl gas
space 120, one or nore detectors 160 capabl e of detecting the

pr ese_ﬂ%gpicg disthagelk@sdure! e RARIRNRACSIASE td &® firkhRuidahrRe ! P (ih)Be
(260 in FI 2) are further preferably coupled to a pneumatic

act uat & W t4} [ _ eiLoR
et ot 0 B e o€ SBRPEOn e R L8R, MesS T ile 1A

oper at &4-HeHRNEY L uator 180. The detectors 160 are further
pr ef era[)cfy couplgg tooglrgrm panel 170 (270 in FIG 2) to alert system

oper at r I atyl .Qf te The ectars c
e contPgaiEq TR = BRERCIACRIE fuhilG: B¥S of Planshy ek Rokeedied o e
tenperat ure detector . rate of.tepperature rise detector, .snpke
det 6ot GFOUE SERFEING O (0.2 Gajautty 8 Sraglets bavinged dimsien g g bie 4
t hereof .. The detectqrs,provide the system 100 redundancy or,_a doub
i nt er | JBIETBHi iy Er LIRS $iP8be FRng! iﬂstwwb@bafﬂ 5%@-5§§%@ direoBT -
operation, the heat detectors 160 are preferably configured to
gener at(Bftgerjgghans (o tgﬁi-ﬁ enakeur ninetydiva litets (Q%L@a(ﬁféﬁ?" Figeigallonaded
to provide audi ble and/or visual alarmsignals that a fire 110 has
been dedabdk &r each HS0spac . 161G90[ ou.2%) Tfcengiesest spacef (iiyhdefingsuat tota!
180 preferabl é initiates a discharge of gas fromthe gas source 150.
The di satingyishingawiwnes lessbantabout Boalldns ¢81gek) fot@atbr1 30edu. ver #5680
the liquid fire fighting agent to each of the atom zers 130 at a

cu. ft.) of enclosed space; and (iv) an extinguishment time ranging from about 780
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WO 2009/ 061471PCT/ US2008/ 012571 incoming liquid to generate the
liquid mst for discharge into the space 120 to address a fire 110.
The gas | swvab@eosieti vered directly to the atom zer 130rtDuUsioosnizeit he
incoming fluid and for discharge as a high velocity jet stream The
liquid mst and gas is discharged with sufficient nmomentumto

di sl od#cRNEs d0 choul 80c3gronds fas Barmadlizad sizrd Hias @Nolg belavesnorpord (1
The protective cap 1002, shown for exanple in FIG 21 (along with a
pr ef er ridtf/caboiataut 48 kKMYfcut®ni zer 1000), covers the outlet of the
atom zer to protect the internals of the atom zer in its non-actuated
st at e f[08ARhny Idemotteramipadinent obthisaspest ofrthe ipgention, tivereris lposvddied a
space 120. The gas is preferably discharged at a sonic to supersonic
vel oci tfyre prefextibe syétear &ataduyessind al fra aethig trhist) thé diree having ednepaalized
120 and/or inducing low velocity currents that can transport and

di st ri reeasizen eardinty betwaeit abdUiqadtVaiel. bEtead S8 kWWRAC th. L 2T hisOsystem
provide for preferred liquid mst total flooding fire protection.

[ 0126] Tdinprisest dnaizsr MEEERIRR dn EHeRREEGiicehdviida Fhlamk! &Y albut
liquid droplets ranging in size fromabout 1 mcron to about 10

M cronsyANg, MR e4syeES P! Mnd étSnﬁzté?‘iﬁclédé’Q:Cd%ﬁ_ﬂgﬂa%ass%ﬁg?g‘%g | & fifd

bei ng transported by the’induced air currents i quli

dr opl etfgji(?rﬁ'ge Lﬁ@%ﬁg{jﬂﬁ[‘lﬁ?‘?}ggpeﬁgéé’@ag@ é)f(ﬁ%itﬁlﬁfr?léfa}ig%ﬁﬁe% pél%l us,

surroun Ire | : rop S len a_ e e?/apo][ at
o ol achegreC g8 PRHEE ot g, Gl R ARY: Saskao nevin 2
of " ovapRRr GNC e Gt ey MR Ayt s Foveiel d haceaak Vispotas o

the firge, preferahly.control .or suppress the fire, and even nore

pr ef er atﬁwge&'fﬂﬁi ohing ppgaratys aaﬁiqfrrwitwﬂait@%ﬁa%i%de oR5EL. thRe
| i qui d vapor dilutes flammable vapors by the entrai nment of the

li qui d 885066 fluld pessage defining @ Eispert axziey a/sglie profiusion; disposedaipttbd
fromthe fire to cool the fuel. WO 2009/061471PCT/ US2008/ 012571

[ 0127] RaceRdrflye presageal serthadthectasspeit nozale delings st divengenp flowepattesn
systemwith a self-contained fluid supply are shown schematically in
FI GS. 3mtiDredpecirid e mgitddisat mbisd and I Yb@ntdrEn&cdahiubiddeGoRRUTERS
draft Data Sheet TFP2280 entitled, "AquasonicTM Total Flooding Water
M st TyerkingOneznie 260 tGyrspertsiozzlg, af fivileupplyesourd®d hElydind iacliquids supply
attached to U S. Provisional Patent Application No. 60/989, 083 and

i ncor parcaiptat] by thefiesteMde inlgt iat & foWi raed v abbat Sy 1M (3 gpel fIdre-théA
is preferably configured with two atom zers 330" pendent nounted for
pr ot ectwérkiref ndzzsa!i6é Anid Slgply R FRILGRAE Y8 uppi |

up to 260 cr‘l?bi cC nmeters (cu.dpyn}() (9180 ccﬁr@f?). Fﬁglg)y%téedmﬁ%tggﬁgéggﬁd
FI G 3Bris: : : . no

ot od oy o & BReSURE GG Borliablu (19 B2 A0 0 fa2ciscfiagE o the
free v p bj (¢ C .
syst emqh%‘gﬁogf nﬁ%@ @géﬁ f|:&s‘!’\’%}r1 re[E %?g@f%/ﬁﬁéhnﬂc}da&%éﬁ\%ﬂt eiié tsfPPn”g]Jltiquem’St to

atom z : | S pendent nounted for protection of a
substaﬁ%ﬁtéﬁﬁﬁhgﬁ%ﬁ%ed space defining a free volunme up to 130 cubic

meters m) 590 cu. f[t.). The system 400" of EIG 3D i

pr ef era[éﬁgs:'conflfl gﬁ‘Pe%YS rph{r}f é]%f?@hﬁﬁﬂ? FePropsgy ‘E?H@v@ﬁﬁ?dﬁaﬁﬂr@&he

for protection of an_area up to 0 cybic neters (cu. m) (4590 cu.

rory 7" spo keRsRied At e meiaie ol dmistnevinaimgamaie: ehgina e bio 18

preferably provided to the encl osed space 120 in which the encl osure

hei ght MY 3 tefal dgdig: sepRly manaing betwassueboutofifeseven (itlese b7 ol.3

ft. to about 16.4 ft.) up to about 8.0 neters (26.2 ft.). For the

si dewal (fiftegrs gahens(th gabpoo, aboutainetytfivetiitens (95 by diveerdpiiiye maionsl 25

to the encl osed space 120 in which the enclosure height can vary from
gal.}) for each 130 cu. m. (4590 cu. ft.) of enclosed space, (ii) defines a total
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[0131] I n the case of the dual sidewall atom zer system 300", the
atom zers 330" are preferably |ocated on opposite adjacent quadrants
or corner vap ems/oqfi7it he encl osure 20' as shown, for exapptres2obsoibdve
plan installation schematic of FIG 4B. Mre preferably, the two
atom zers, 330"  should have a space in between so as to define a

per pendXéingaishingsyalwme abdesrethapaabau 8 gallens 18 08l.) foasmash) 130eau. an. €690
di scharge rangi ng between a m ni num of about 1.0 neters (3 ft-3 in.)
to a s rﬁ,uhpgenqamd space; k(i) an extingushment tirpe ghnging drergboyt 780
Installation of the Water M st Systens [0132] Each of the atom zers in
a pr ef exacedds itquEbdutiBdt sepetierfoi aopnaized adited fimspiaadingobetaeenl abalit (1
supply to ensure that the liquid is delivered to the atom zers at a
pref er riel/cau s} wdbalt (8 kewostrant flow rate and the gas is delivered
to the atom zers at a desired operating pressure. A nore preferred

i nst al ljgbian ofA FuAhst eflbRIiMEM BF the InvarlibANMshaWva@r trit SreNprotsdtion
for the protection of a 260 cubic neter space (9180 cu. ft.)with a

sel f-cogpmew bldndglish'RPlire Ghitl@ing?8f eipds8deRhRided, SpdtilS Shf&E Gnldfbr

ANSUL I NC. publication, Ansul Part “No. 435650, entitled "AquasonicTM

At er - T o Y i . _
er '%a%%%nh@/g‘lré:.' ﬁ'ﬁls%égﬂ%vg%ﬁ ls%%%)%’ t %le éﬁ:?nl %ér.’]ﬁétﬁlllé@‘i‘drqﬂrro%tilctlon

Rechar ge an I nt enance Manua i ncor porated

refere i Voo T, ed | Lon -49-

2000/ ol 1R B oishirel Jutor T Refierdlcyy the BBt Bhelonlity solffiesto
witht . uirenents of the Ul FlI RE. PROTECTI ON _AS ] AT1.ON
bubl | s SERRTT = sipalnBy. s TR (PR DGer WS SHPPY Bt @851
Systens” 2006) . The preferred syst is.nstalled so as. to

o ovi Ao BT 3 elkiae "o SRissEN, UEE. (Ao eSEy Hhe YAteRdrist Volume
sel f - cont ai ned _sys{_en&) the preferred installation provides for a

por t abl ¥enekaigd s datingaby theoas Reing dalivered at gressHipirgnging frass abpek 24
system controls. The skid is preferably configured for outdoor or

i ndoor bAsUA® Peb) todtmusi2d. 1pean(380IPsl, the skid defines a fluid supply
and control assenbly having a foot print or overall dinension such

t hat t HOO0ABE eniilgrecuer, lsachmfdhe shstemghdisclaseih heredi is prederally scalable to
[0133] Shown at FIGS. 5-7 is a preferred self-contained fluid supply
ski d 5Caidress eiffeeriam iaoeasing afddcneasipercldageniohade f Mdrd spieificaily, one
systens. The preferred supply skid 500 includes a liquid source

conf i guyreféraesl systamkisShrafdrabiyngpnfigutedata disabiangy @fvoimé emsklalibn ltbithes
(25 gallons) and nore preferably capacity of about 191 liters (50

gal | onsgize& entitd @holBsed fsbhee ftb W prtedtedUiThusPirebRE FRkieredt &pect OF this
protection of at least a 130 cu. m (4590 cu. ft.) encl osed space,

and noranpediirRhdbite a2 G8a8tu on® #SHBEr - af Lsingl€NaldPsiess Stﬁﬁfle%roﬁags

tank 502 may be alternatively sized to provide a water supp ase

on the @Rl ddfvaMERt fRd gg?%?,géé&%gn%a bg vﬁx,ot@ﬁ o ko?hﬁé‘;?arhg

sufficiently sized to provid _ m st di schar ge ation o
corti fiagriaeh fiep 19 olef BB ot R ORAHE 118 ot Sflyter "
furthery, i ngl 1 t 006 a n outl.et 508 for connection to
syst emtB‘lL" g@ﬁgvﬁﬁm%oéﬁhﬁré% ﬁ%ﬁr?emﬁ%ggwgreo to%;eé's.at om zers. [0134] The
supply gki,d 500 rther i ncl udes a gas source 510 that is preferably
confi gﬁﬁg’oég %@Jﬁﬁﬁ?”&iﬁf:ﬁ&@rs of a substantially inert gas, for

I it : th I ki d 500 sh , the bank of
Cy TP 355 Bt S Bbted S mogemamienton s rahog
gas cylinders staged for the protection of the 260 cu. m -50- WO
2009/ 06nisy fircprojsstion to 1adidresy an e dua sybstantiadly cnslpsedaseacavberingra
fewer cylinders may, be provi ded depending upon the size of the space
bei ng ploburee of @t lgast oag dwpdeed thiry suippimetets @ 30au. pn.oé&80 icon ftgj, witieh

130 cu. m (4590 cu. ft.) enclosed space includes a total of three
comprises using at least one atomizing device disposed in the space for discharge of
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WD 2009/ 061471PCT/ US2008/ 012571 [0137] The mani fold 514 further
preferably includes a branched di scharge outlet end 513 for coupling
to the watweo 2d0am&4H02 to pressurize the tank 502 of warer/usmosibem
liquid supply to a discharge pressure at the water feed outlet 508 of
at | east about 7.6 bar ﬂllo si.). Gven the preferred size of the

i qui d afidistgate Hieppraces theat leashPee &teraigingedevies helapr bvin| flyid) ataspiging
skid 500, the piping between the feed outlet and each of the

at oni zedeyvites fasi a disstsftuid endoaregend fvick thatringluden @ first fivid passegendic a
than about 50 liters (13 gal.) using pipe ranging from215 mm (1/2

i nch) tsec@bdrimid passagsh ) theifipd fluid gassagechaviie adirsi figjd belek and a first fiuid
system schematic of FIG 1, the water supply piping further

pr ef er ainitiet idispogdé abaot & forigitadinal akis of thtedevice, 1€ fist Auidpassagbelefiningt
of each atom zer inlet to step down the fluid pressure to the

at om zeg shridoth BUSAIRY ploffile thalpebamirgas kowardnaé aeKgitdER2s Hkie smtchahaw flewd
bar (7 psi.) and a nore preferred flow rate of about 5.7 Ipm (1

gpm . ;!s»:gh me%fré‘ésfe%din'@dlr%&?od ﬁéﬁwrﬂhétﬂrglnﬂnﬂa ifILER @@Srret figatdutet, Itﬁe first
orific lanmeter preferably ranging from about 0.080 | nches to about

0.092 igg ‘é%b%éﬁf‘ﬁﬁ@fg'tﬁ a‘?%IIL%e réﬁ’%Y gﬁcﬁtﬁééﬂ%oﬁﬂhg%o gu. mm. to

approxm*a ernalve or tronto, the'in

o 1  c2rgu e 6 pse‘)ac""‘td%ﬁ%ﬁ?%agvﬁéﬂ% e "iglend @

e total flowf

O e S8dotia Tlic S5 el frlifte %ﬁwﬁdw@aaﬁﬁ‘ b ééﬁémciﬁﬂts*" phdsace

t he wat er suppl ess rdln t he S e or. and the

[ qul'a Grpeaad ababl 5 dpaoiniitel i Copberer U (e At (i aesass the
flowratio in each of the atom zersﬁég138 ] The liquid m st systens

pr ef er a$86PNETd Bassage dafiRing an sauiyaert angla @f sxpransion EngnAGeMAbY 1
the system Accordingly, as seen in FIG 5, the supply skid 500

pr ef er ool gbeuic Al ddegraesother secprthéuids passags dafininaed itelal |vplumee vareng
the liquid mst systemafter receiving an i nput signal from one or
mor e i nbetiveenidg, 300 /cegpm. ito about2vbOli gl. mot. uthemecond fuid pessape defining
detectors 160. The control panel 515 further -52- WO

2009/ 064 #ran&ednt bs2063/Thimethqu feftbeninciudps gendeting @ liquidh rast wsirigititel atn
of the systemw th a manual operating switch that can be operated

| ocal | yleast oeeraitarhizing 88\38¢ MmaNidihgr deitberirg oG aspeeairsiofuiliao thedist
of the preferred water mi st systens is shown in the schematic

i I'1 ust r it fletthrdudh the. rrthfmud)bséﬁgreerdr gRfideadrder Sithd a§uiBTRRh Fhe NGt Auid

liquid mst to effectively do at l'east one of address, control,
SUPPr eSgyifdt %@aﬁﬁﬁh@@éﬁv&nﬁ?%‘ aeih$ thefsdddnd hid of b %%&Q:%EHW inlet

area to be protected. In addition, the preferred nethod includes

di stri b #hBQdéJ?é‘e $h 6;5&9{1'&2?;‘1%%551'?@ rEr'\b% %%g/vc?é}‘?%o&izg 1t Bar (30 psi.) to

effectively do at east one ress, ntr suppress or  no

prefer agédyut 5 hngyt 58 lf‘ ddi p]efcfrlglalé q’[owqh@ﬂﬁ]h 0?1%?% Ooﬁ-glntﬂﬂ dbﬁ)ﬁssage and

pro]t ecte e di st ]Eltl 0 dl quil ' ut. ¢
2 .

o b n G ERagE 9289 % Bt B ST utibe lnRE L?%%ffﬂ?%t?”h*éﬂmh&
| h h h | d -
Ty ooy S0 el JRGUORE: e Ehcloeqt, ShAten n P Hiethp. e

concentratjon of m to effectively address the fire 110 regardl ess

of the ¥igkRUIEY "&ﬁ'wfﬁs WUnekarobe the linkid apdtheqeattreami thy alevizng deyies fae

to the fire. [0140] D stributi n% the liquid mst further preferably

i ncl uded ¢seRaraei Waget af [l leask tem minstemc| Breddisghareingothes ges incltises

currents capable of transporting and dispersing the liquid m st.

Pr ef er atibgharging thecgaszat 8 veloditteofsatdeash sonicvelogty sugiathat the vist has a

encl osed space 120 at a high velocity ranging fromsonic to a nore
property selected from the group consisting of: (i) a majority of droplets having a
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WO 2009/ 061471PCT/ US2008/ 012571 shi el ded or obstructed by an object
fromthe atom zer 130 or alternatively address a fire | ocated outside
t he di rectwale@eba@nge path of the atom zer 130. Thus, tbher/ps®»isrzed
met hod provides fire protection throughout substantially the entire
encl osed space 120, independent of the location of the atonmi zer 130
rel at i vliamgtarn@ngingefromod dev P mistanss &i Adotal didkishs iy Hengingnpaiween
sufficient to address a fire is a function of the enclosure volune V
of t he ahestt Hrgeupaditera 297 Lin@fteen getonss (15 gal ) btoakeutiiretyJive liters (95
i ndependent of any particular |inear dinmensional characteristic of

t he endl.psenipfive gelions [(@54@3i)h ferddach A0 ¢themmi(ASBUIraunifh) ofl emslased
may be a function of the manner in which a fire is to be addressed.
For exaspalce, (ilijhdefimesf2totadextrighiztireavolpmevifdess tivancatmoudt8 dalfsist (8 gal.)
configured to address a fire by any one of: control, suppression

and/ or feKeacynBe RUeAL (PS9@ch. . Fof Mulesagside, aadi (i) ah Reting@EneALtime
systemand its nethod of generating a liquid mst that includes

provi digaginp AGR" AP6HATE0 Letbhdd ¢ idbRuP BOISEIRINAS Sfoh MormdliZed SRRk efires
size effective to address a fire. Preferably, the liquid mst is

subst a%h%bhm%%g?gqﬁwgﬁ %bP{O%O%EB RAMENG @ di ameter under 50

m crons, e pr m crons and even nore preferably

" OMATL e, o o U OBV A
f b b , d ' ' )
P T S8 AR GBS o B LIRS el SHRI A

0431 ol SV aPebd S rASGO Hed ll  id Mglhltoses

O e s oL s ep RS e e RS e

of the atom zer 130 by taking advantage of the evaporative capability

of t he YolgaeHic snacedn g reomgeapabletdd exfingiishing @drgdecaled agywbers iarthe

a fire of oxygen in order to address, control, suppress or nore

pr ef er 20PN, Bd pEpYiding iat selffpentaimed fluid supply source. The self contained fluid
supply source includes: a liquid supply coupled to the at least one atomizing device
for discharge of liquid from the device as an annulus; and a gas supply coupled to
the at least one atomizing device at a pressure ranging from about 2.1 bar (30 psi.)
to about 24.1 bar (350 psi.} for discharge from the device to mix with the liquid
annulus so as to form the mist. In this method, the providing further being selected
from the group consisting of: (i) the liquid supply pressurized by the gas supply, the
liquid supply being coupled to the first fluid inlet to provide the liquid to the inlet at a
pressure of at least 0.5 bar (7 psi.) for liquid flow through the first fluid passage; (i) a
pressurized gas supply that includes a bank of at least three (3) 11.3 cu. m. (400 cu.
ft.) nitrogen gas cylinders, each cylinder being coupled to a piping manifold coupled
to the second fluid outlet with a regulated discharge pressure from the manifold of at

least 6.9 bar (100 psi.), and a liquid supply that includes at least one ninety-five liter
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WO 2009/ 061471PCT/ US20081012571 oxygen di spl acenent by water vapor
occurs both locally, i.e., within the flane of the fire, and
gl obal | y, woeon/oeursi de the flame and within the encl ogpetuspogei2430.
Mor eover the conversion of the water to vapor provides for the other
fire fighting mechani sm descri bed above, for exanple, extracti n% heat
from t &5k wa-fw@,gau@ faRgal.)) tanksgf\fse dighting finwid aessiyizer by, theigas
evaporation, conversion and expansion fromliquid to vapor. Aliter
of |i quskPRhadischatgeapressiee the tankdusing eoenlpdia dhe §rsd pipidoiiatnard (i) the
1600-1700 liters of water vapor upon evaporation. Accordingly, the
di spl ackguithendg@aididing praviddd tputhe device iher liquidHo-gay olassdlosf rdtiogainding
mst is directly related to the proportion of its volune capabl e of
evapor afroreraboubr: etogatgendnt. with a fire or the heat emanating
therefrom Thus, the preferred m st systens and their nethod of
oper at i [9048¢! i VEiis insthod htayefagtheseshnpiss geretting tHesmibabgend@dnsdisdne of
which a large proportion of the mst is capable of evaporation in a
regi on fpeQdraRieterts RBIdctdPirOInUAR grdPEGRisting'dT: §) 4 FRFority o Brapists BReRg
by the preferred systens, range in velocity fromabout 1.5 nmeters pér
second i - t t - ;

5 éﬁiléﬁﬁte?%nggﬁqwﬁ 1 £ 88%ferdr, pf‘&apﬁ‘i“@%&,??@r :(a?irgusr{g[ R%t‘g%fepo

sec. and the reg I'n which water dr ets

T 11 et tceneh iR (6 1L flteln gh 100} o JobR it Ry
evapor Ard (PEHETEIYRb 2R 4FTTgE ERn 5.0l B nasID Ll BF st

seconds_t o _di.r.ect extinguish the fire through substant] al

ooal | st bt BieBhExEp i LM r HE S s aidhs @ gab)
di stribution aof the ter droplets have a size in the preferred .

dr opl ot 1oL pAEh raRgy B (eeR P )r#ewaﬁ%?d Spasey g (HHADARIGoREhment tme
di stribution of droplets that can be evaporated within the 0.02 to

0. 05 s&@hamg HAE abpeh 78@isagonss e ralosd 80hsegandsalof onmglizgd siaed( Braso
12 inches) of the fire plune. WD 2009/061471PCT/ US2008/ 012571

[ 0146] Mghethachetween about &l lgiéat ar.) poakoud8 s¥W/elendi scharge mist is
used for oxygen depletion, a | esser amount of liquid is required to
ef f ect i [08MB] addnethis andthod, Hwe a@bripastedne atomires Mhay nadmsss: rk Ifiest fluid
systens. The preferred nethod of liquid mst fire protection, or nore
speci f | padslagetiwvirg 4 lfiesidiuid) inlétsarzbhifiestefiliid outidtstisprsed| sttt salbagitudiaal
known water mist fire protection systens to effectively address a
fire. Tinds pf tHecapredatue] thedirsfilid basshgrcdeinieyla Wolikihg nokalk, A RetosteAuid
addi tional nechanisnms with which to address a fire growmh, for

exanpl ?aés@gédﬁﬁlﬁih@% s8OS FILRTiiMEt BXd 02 secbh® fRIARRAIBE I1AB Sdcdndefuid
wat er droplets extracts heat fromthe fire thereby cooling the fuel.

[0147] Tﬁ@ssagéfcﬁéﬁc%fédrﬂ'blﬂut WS ld?gﬁuém@ 8% *Ebf@lfe Qﬁﬁ’?"ﬁ &Y co-axial with the

environmental |y friendly or "green technol ogy” re protection.

Speci fi _ | _ b
Cho wat/T! i, bAGgR ;<8 M HREabl TEnRNg A rpbR oD 4 0
i ¢ e oneiighaBUifiRe SoRRA nATNRERS sh B ERePR Pereciine®
[ h fi d ion.. Sy P .

[ 0148 TP Tl P i w R TeEest ooy REali e Prgu P chagyer dis
as a whol e can Pe detF]i Bed S, a fuqcti on of one or nore system i nput

par amet @RMYIEAII Witn § e&?iﬂBQ@szﬁ@”Hrt@?BPE ne%@for flow rate of the

fluids to _the alton‘i Zi Rg devi ces, the volunme and confi %urati on of the
encl 0sd8938hce HY? Meshed mawfusihes gomprise fagsrrating lisslid deapiets forpingdheo
be protected, the anticipated fire type/size to be addressed by the
syst emliggithnist, wherain 2 majerity o fthg irepletsnhae eafiameterirangiopdring tn5
t he encl osed space. [0149] More specifically, the volune, flow, m st
microns. This method may further comprise generating turbulence in the volume so
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[ 0150] Descri bed herein below, for exanple, with respect to using the
preferred atom zer of FIG 11. Applicants have identified an inlet
gas pressw@2mp/og)as operating pressure for formation ofCT/hgopyEdsnred
quuid m st that ranges from about 2 1 bar to 24.1 bar (30 psi to 350
. Z%Oef erably ranges fromabout 5.0 bar to 13.8 bar P si. to
about o Hydpice iy EUf;!i?@ﬁéiaa’@Pi? efaﬁg@%owrw@aﬁdtﬁpess'gg gh “HH domisty J
(85 psi. to about 130 psi. % yet even nore preferably ranges from
about @his Hathad thegas m}asm @apscbawdpaﬁa syperapuianspeed pethis methad, he
nost preferably about 7.6 bar (110 psi.). Alternatively or in

addi t i ghisehargingepay indusdte defining adelal iguideblumes tmextirduish a avesaliged fire
volunetric gas flowrates that preferably range from about 0.0141

kg/ s ( 28zes chegsured aihokitoviattst feér logbi, nieterd féVkoy, an()B84hes dbta) extingbiebing
0.0619 kg/s (109 scfm and is preferably about 0.0476 kg/s (84 scfm.
The pr efdtumedangihg resperitivelySicenmabaod0. b ditars pee tabbit ometar .81 Hersfon.am.)
efficient than known water m st systens because the preferred systens

300", 4Q842098lonkSericubR\Bbt POEBSYAIFEU. P o DIIS KRG b ciBiddhefs 0 857

water mst systems. Specifically, known high pressure water m st

e R T R R b B TR81 803 S s 07 féé@*ia"’-ed
56 Egﬁaﬁ%alfﬁ%os'?& gy S op %Qa@ﬁﬁg?w"a%it“ to
8?;2?2??@834 o%eé“g?%aﬁigirﬁqﬁb&% e & fEiGTRr Sh;é ééf%%%% @%ﬁ%en Hfigh
prt r AP Frhe & FaaPfsbéulend Gpether bR o 8 bridrafbi Wb &l
G o th exUgughmeap yaltime GEativk B0 0B0R (HaHy Aniiid JoGHaE oy

(1-2 gpm . Mre preferably, the performance of a preferred water m st
system%’&”?ﬁ‘@ 8Abkacteristics of the fluid nist to be discharged are
a function of the mass flow ratio of uid to gas. Mre

speci f i 108PRY, tlnéhlagpeﬁh@dndgchar@mgdaﬂlwgmrnaa extinguishes fief and defines a
atom zers 130 provide an effective liquid m st where the fluids at

t he i nlTangefoftendingishingdimas tanginy rekpestively dicgn aboghé8trassoridsole abawuto
within the range of about 1:1 to about 3:1, and nore preferably from
about 18(rSedonds fobowotmali2st firet sizedb cantgirly betivdeor atzoudi( ¥ diVical et) toaslsout
fl ow or pressure of gas to the -atom zing device. Because such a ratio
can be @ddwroadmby one fluid as a function of the other, the atom zer
performance and therefore the fire fighting performance of the system

can be [gessy ni radhiynéthed) pretdrasiyadisshagingta ﬁ@l@fmi@tteﬂhﬂgﬁfsh@é@ firé ding,
preferably the gas. [0152] Al ternatively, system design and

per f or rgdiFRs AR & é‘xﬁﬁ?ﬂilbﬁiﬁgcﬁmés&)ﬁﬁhﬁéﬂcﬁﬂ %grs&?ﬁ@{c?ab B0 seconds
preferred enbodi ment of The m st system provi or di schargi ng at

| east 2l dnf I

i tersq?ﬁ n%%m Oné(@é%‘gﬁé‘%ﬁ@ﬁ%%kﬁ%ﬁ?ﬁ%u?h é(\l\ﬂg tﬁg enc?oseg space
120. In, cine particul ar enbodi nent of the preferred m st systema

vol unme of ' liquid m st discharge ranges froma m ni num of about 22.7

liters l.) quid ot bou 4 liters a f

pr ot ect@gﬁgﬁf Hqéﬁcﬂpg@gg ﬁ%genrf%sw&\/g'ﬁ‘a“ {‘;‘8 ﬂgwgfmggb)&ﬁmgtgghes o
2009/0 471P S2008/ 012571 .260, he nmetho
Fur t harr e RIS = Fride %&1'59vﬁﬁwgdvn%?rem%&%%%@r@ﬁdo@a g0
vol unme of about 130 cubi c nmet er m) (4590 Cu. /) a vol une
of |i quig$ORASforneEralicgd fi Faﬁ&%ransm %PM’PﬁF rAbeub{1 f Qulﬂk)e‘i%al(@it 8
gal.) of liquid to about 28.4 liters (7.5 gal.) for the same
concentkfquem.bf droplets. In one preferred aspect, a total |iquid
supply volune of a preferred system preferably ranges from
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[ 0154] Because the preferred design and net hod of operation of the
preferred systens can provide for a total volume to extinguish a
fire, thewoedensiad syst em paraneters can further defi per/asnesngesiof
times to extinguishnent for a range of -59- WO

2009/ 061471PCT/ 13S2008/ 012571 normalized fire sizes. In one aspect of
the prdPBBPkd dBt anpiher eankodimaguiot Hhisgaspertsoff Hie dnyentipe, Aemeiled &h
ranges from about 780 seconds to about 80 seconds, preferably from
about SResiNgha Misids genided0o Thisovathed comprisesepagsiiga dinstyfluid tripudivat
420 seconds to about 80 seconds, for a normalized range of fire sizes
r angi ndirét fluid plassagel oka\huist generaiingadpparaiisk Whetein the et floidrmassagé. has
Scalability [0155] Three of the preferred m st systens descri bed above
wer e t esfiest fluitt outletacausisg fa seconlaiuie tg dswi thraughes skosad! flaidaeasskgl of
measuring 7.72 m (25.3 ft.) (long) by 6.55 m (21.5 ft.) (w de) by
5.1 (1@h8 rhikt yefdratih abEéraaus/.th&rain\&h@fseabﬁ@ﬂu@q@amgemas(aew&bnammd
ft.) Wth reference back to FIGS. 3A-3C the follow ng systens: (i)

m st sysifteiaddla tHiaxi 6SnfbHPtrfeetHrbél%dFﬁ6Wh§din§Fé3%ﬂéﬁm%%@'s'ecfibnha_\l_éﬂa§t
systens 300" having two sidewall mnounted atom zers 330"; and (iii)

m st SWALR '{hé%@bﬂm] iR oI Whehh 'thd Fir TNy r§ 3 ﬁdofmd'é qu?leéggtiesoﬁ-&ﬁed

atom zers of each systemwere located 1n ap erred manner

descri ; ' bl t e ZEL j

ol car ar8stap Wnetirtyl Cuchiihal by TG B e Sidertl heAbEN B 20
si dewal ' t t he short lhs. t Xi, m it

di schardgeﬁ%ég]t éﬁééeie'rlaﬁﬁgéggggég% ogf S‘?‘% ds@@'@e OL{I@S eeélﬁ?géF\ﬂQ{‘iorh of the
hept ane fuel fire in which heat release rate (HRR).is, varjed as .
ol | owsesgtt d Bapsaek aronrindiie Babaniwporsy Muidsrrar theE Baneqtiye
the fuel was located in a circular pan with_a dianeter that varied .
with tHEtERAWEh Bat ﬁ,gre;ar@ioj_acp@!ﬁfa)tgg&‘ﬁpc%d fiuig) ISFYIng érroﬁ') the,seqqsd Bid:
45 cm./ (16 liters) for the HRR of 250 kW 62 cm/ (30 liters) for

t he HRROWlE Bopanta g sheaciarce op2usteeam éfisst flpigrissuieg frr te firebiuid wutlghd
112 cm/ (49 liters) for the HRR of 2000 kW For each of the 1000 kW
and 200betehyf alr leastepardipliyp atarsisingt e firat flaiddedcrestet aalispassed Unepleefiow
fires were located on the floor in the geonetric center of the

encl osgdgiepace, underneath a (2.0 m x 2.0 m) steel table
obstruction, with the obstruction -60- WO

2009/ 0q0es8PCT/AINErS efribddithentb of tthid. dspect adfotte timentioncikl ar metnd fof
fuel. Additionally, each fire was allowed to burn (pre-burn) for a

pr edet ejgnenatthgoarmietl Thist imathddedamnsridele puicRig Afidt FRAPINTESEH aTfirst/Stig@m
was turned on. The 250 kWand 500 kWfires were allowed to pre-burn

for 120868805 a At gér@rtiﬁg%%s;g&@ﬂﬁ, Z\Q‘%@eihv‘lﬁéiffr@tsﬂdlsrgﬁs%%é’\g?gtéh first

pre-burn for 30 seconds. or each fire scenario, eac

|10 % i Sl 240 3¥oond i eyl fRGH BisEBbnahid geBogr b
psi.) rer&frﬁ;da@;Bar%ﬁfsh Vil BinZ e séda%tﬁlﬁ@;%gg%%qﬂggg g%&@ﬁgs%& £

wat er flow rate to nitrogen gas pressure o

for 12. I Lver e m,zer.. . The single om. zer
syt emansba oAl iRBh.shedftaa BouleR SR A ARG {rpsn PorhisR afpel e (RE
o oS B o562 ATyl S R 0Pl % it hoH Bl AL sbone
e ¢ e eulgt S Arufeen 25 374 ot WhPBIN 031 (8 aTcs Sedane ug SUET e
of extingui shnent; and (iii) oxygen concentration in the encl osed
space F@nigd rejative faeope angtheigichhihahthey] bawspewngle ¢f dicidense of less
Results for Two Ceiling Mount Atom zers Fire Size HRR [KW Normalized
Fi re Sithan [9Rvegreesy accelerating the flow of second fluid through the throat portion of

the second fluid passage, and ejecting the first and second fluids from their
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Pressure to Ea. Atom zer rbar (psi.)] Total Flow Rate From System |
lpm (gpm] TineTo Ext. [sec.] Final02 [T M Total Fl owat Ext. [L.

(gal .)]

2000 200068146 9( 100) 11.4 (3.0) 111 15.4 21.2 (5p6)/vRiHsoe12549

12.1 (175) 17.8 (4.7)

respective outlets such that a stream of accelerated second fluid issuing from the
second fluid outlet imparis a shear force on a stream of first fluid issuing from the
first fluid outlet, thereby at least partially atomising the first fluid to create a dispersed
droplet flow regime.

[0057] The previous two embodiments may further comprise; creating a turbulent
region in the second fluid downstream of the outlets and passing the dispersed
droplet flow regime through the turbulent region, thereby further atomising the first
fiuid in the dispersed droplet flow regime.

[0058] The methods of the present invention may further comprise the step of
controlling the momentum flux ratio between the first and second fluids by varying
the velocity and/or density of the first and/or second fluid.

[0059] The methods of present invention may further comprise the step of
adjusting the cross sectional area of the first fluid outlet in order to vary the exit
velocity of the first fluid stream. Preferably, the exit velocity is supersonic.
Assembly Methods

[0060] In ancther embodiment of the present invention, a method of assembling
a mist generating apparatus is provided. This method comprises the steps of:
forming a base member containing first and second fluid supply channels, forming a
funnel member containing a bore, and axially and concentrically focating the funnel
member on the base member such that the bore communicates with the second fluid
supply channel, forming an elongate plug member, and axially and concentrically
attaching the plug member to the base member such that a portion of the plug
member lies within the bore and a second fluid passage is defined between the
concentric funnel and plug members, forming a cover member, the cover member
having a first end adapted to enclose the funnel and plug members, and adapted to
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axially and concentrically locate on the base member, the cover member further
comprising a second end having an outlet, and attaching the cover member to the
base member such that a first fluid passage is defined between an external surface
of the funnel member and an internal surface of the cover member, and a first fluid
outlet of the first fluid passage and the second fluid outlet communicate with the
outlet of the cover member.

[0061] In one aspect of this embodiment, the step of forming the funnel may
include forming a flange portion projecting radially therefrom, and wherein the step of
attaching the cover member to the base includes sandwiching the flange portion of
the funnel between the cover member and the ba;e.

[0062] In another aspect of this embodiment, the step of attaching the cover
member to the base includes adapting the cover member such that the axial position
of the cover member may be adjusted relative to the base.

[0063] In a aspect of this embodiment, the step of attaching the plug member to
the base includes threading the plug member onto the base such that the axial
position of the plug may be adjusted relative to the base and the funnel.

The Atomizing Device

[0064] In another embodiment of the present invention, an atomizing device is
provided. This device comprises: a first fluid passage having a first fluid inlet and a
first fluid outlet disposed about a longitudinal axis of the device, the first fluid
passage defining a smooth curving profile that converges toward the longitudinal
axis such that a flow path decreases in a direction from the first fluid inlet to the first
fluid outlet, the first fluid passage defining a total volume ranging between about
119,000 cu. mm. to about 121,500 cu. mm., a second fluid passage having a second

fluid infet and a second fluid outlet through which a second fluid passes, the second
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fluid passage disposed about the longitudinal axis concentric with the first fluid
passage, the second fluid passage defining an equivalent angle of expansion
ranging from about 1 to about 40 degrees, the second fluid passage defining a total
volume ranging between 24,300 cu. mm. to about 25,500 cu. mm., the second fluid
passage defining a transport nozzle, and a chamber in communication with the first
and second fluid outlets, wherein the first and second fluid outlets are oriented
relative to one another such that they have an angle of incidence between about 5
degrees and about 30 degrees.

[0065] In another embodiment of this aspect of the present invention, an
atomizing device is provided, which device comprises: a first fluid passage having a
first fluid inlet and a first fluid outlet disposed about a longitudinal axis of the device,
the first fluid passage defining a smooth curving profile that converges toward the
longitudinal axis such that a flow path decreases in a direction from the first fluid inlet
to the first fluid outlet, the first fluid passage defining a total volume ranging between
about 119,000 cu. mm. to about 121,500 cu. mm. and a second fluid passage having
a second fluid inlet and a second fluid outlet through which a second fluid passes,
the second fluid passage disposed about the longitudinal axis concentric with the
first fluid passage, the second fluid passage defining an equivalent angle of
expansion ranging from about 1 to about 40 degrees, the second fluid passage
defining a total volume ranging between 24,300 cu. mm. to about 25,500 cu. mm.,
the second fluid passage defining a transport nozzle, the second fluid passage being
disposed at angle of incidence between the first and second fluid flow paths, the
angle of incidence ranging between about 5 degrees and about 30 degrees.

[0066] In another embodiment of this aspect of the invention, an atomizing

device for generating a mist from a liquid and a gas is provided. The atomizing
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m] Pressure to Ea. Atom zer

device comprises: a first fluid passage having a first fluid inlet for receipt of the liquid
at a flow rate between about 1-4 gpm, such as e.g., between about 3.8 ipm to about
7.61 lpm (1-2 gpm), the first fluid passage having a first fluid outlet disposed about a
longitudinal axis of the apparatus for discharge from the first fluid passage as
annulus, a second fluid passage having a second fluid inlet for receipt of the gas at a
pressure of about 6.9 bar (100 psi.), the second fluid passage having a second fluid
outlet for discharge of the gas, the second fluid passage isolated from the first
passage disposed about the longitudinal axis of the apparatus and co-axial with the
first fluid passage, a solid protrusion disposed in the second fluid passage so that the
second fluid passage defines a divergent flow pattern with respect to the longitudinal
axis. In this embediment, the liquid and gas are discharged from the first and
second fluid outlets so as to form a mist, which forms a substantially conical spray
pattern.. The spray pattern defining an included angle with the longitudinal axis of
about 15 degrees. Preferably, the device further comprises a chamber in
communication with the first and second fluid outlets for mixture of the liquid and gas
discharge so as to form the mist.

[0067] In another embodiment of this aspect of the present invention, there is
provided a mist generating apparatus having a longitudinal axis. This apparatus
comprises: a first fluid passage having a first fluid inlet and a first fluid outlet and a
second fluid passage having a second fluid inlet and a second fluid outlet. The first
fluid passage surrounds the second fluid passage, and the first and second fluid
outlets are oriented relative to one another such that they have an angle of incidence
between 5 and 30 degreés. The second fluid passage has a throat portion located

between the second fluid inlet and the second fluid outlet, wherein the throat portion
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[ bar (psi.)] Total Fl ow RateFrom Systenil 'Pm (gpm] TinmeTo Ext. [sec.]

Fi nal

02 com Total Flow at Ext. [L. (gal.)] 2000 7.69 6.9 (100) 11.4

(3.0) 82 MWO@00$861371(4. 1) 2000 7.69 12.1 (175) 18.9 (5. BET/US2008/012571

has a smaller cross sectional area than that of either the second fluid inlet or second
fluid outlet.

[0068] In this embodiment, preferably the area ratio between the throat portion
and the second fluid outlef is between 2:3 and 1:4.

[0069] In this embodiment, the first fluid passage may be located radially outward
from the second fluid passage.

[0070] Preferably, the first and second fluid passages are coaxial with the
longitudinal axis of the apparatus.

[0071] In this embodiment, the first fluid passage may comprise an intermediate
portion located between the first fluid inlet and the first fluid outlet, wherein the
intermediate portion has a cross sectional area which is larger than that of either the
first fluid inlet or the first fluid outlet.

[0072] In this embodiment, the apparatus may further comprise: a first fluid
supply channel having a first end adapted to be connected {o a supply of a first fluid
and a second end connected to the first fluid inlet and a second fluid supply channel
having a first end adapted to be connected to a supply of a second fluid and a
second end connected to the second fluid inlet, wherein the first and second supply
channels are substantially parallel to the longitudinal axis of the apparatus.
Preferably, the apparatus further comprises a base member that contains the first
and second fluid supply channels.

[0073] The apparatus may further comprise a funnel member and an elongate
plug member, wherein the funnel member has a bore and is adapted to coaxially
locate upon the base member such that the bore communicates with the second fluid

supply channel, and wherein the plug member is adapted to be attached to the base
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member such that a portion of the plug lies within the bore and the second fluid
passage is defined between the funnel and the plug.
[0074]  The apparatus may further comprise a cover member which encloses the
base member, the funnel member and the plug member such that the first fluid
passage is defined between an outer surface of the funnel and an inner surface of
the cover member. Preferably, the cover member has a first end adapied to
coaxially locate upon the base member and be attached thereto, and a second end
having an outlet adapted to communicate with the first and second fluid outlets.
Preferably, the second end of the cover includes an axially projecting lip portion, the
lip portion defining an aperture in communication with the first and second fluid
outlets.
[0075] In the apparatus, the plug member has a first end which attaches to the
base member and a second end which defines the second fluid passage, wherein
the second end has an end face which is concave.
[0076] In the apparatus, the funnel member may include a radially projecting
flange portion, wherein the flange portion is sandwiched between the base member
and the cover member to maintain the axial position of the funnel member relative to
the base member.
[0077] The apparatus may be adapted such that the axial position of the cover
member may be adjusted relative to the base.
[0078] In the apparatus, the plug member may be threaded onto the base such
- that the axial position of the plug member may be adjusted relative to the base and
the funnel.
[0079] In another embodiment of this aspect of the present invention, there is
provided a mist generating apparatus having a longitudinal axis. The apparatus
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comprises: a first fluid passage having a first fluid inlet and a first fluid outlet and a
second fluid passage having a second fluid inlet and a second fluid outlet. The first
fluid passage surrounds the second fluid passage and the first and second fluid
outlets are oriented relative to one another such that they have an angle of incidence
of less than 90 degrees. In this apparatus, the second fluid passage includes a
throat portion located between the second fluid inlet and the second fluid outlet, the
throat portion having a smaller cross sectional area than that of either the second
fluid inlet or second fluid outlet such that the area ratio between the throat portion
and the second fluid outlet is between 2:3 and 1:4. The apparatus includes the first
fluid passage being located radially outward from the second fluid passage.

[0080] In this embodiment, the first and second fluid passages are coaxial with
the longitudinal axis of the apparatus.

[0081] In this embodiment, the first fluid passage includes an intermediate
portion located between the first fluid inlet and the first fluid outlet, the intermediate
portion having a cross sectional area which is larger than that of either the first fluid
inlet or the first fluid outlet.

[0082] The apparatus of this embodiment further comprises: a first fluid supply
channel having a first end adapted to be connected to a supply of a first fluid and a
second end connected to the first fluid inlet and a second fluid supply channel having
a first end adapted to be connected to a supply of a second fluid and a second end
connected to the second fluid inlet, wherein the first and second supply channels are
substantially parailel to the longitudinal axis of the apparatus. In this embodiment,
the apparatus further comprises a base member that contains the first and second

fluid supply channels.
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[0083] The apparatus may comprise a funnel member and an elongate piug
member, wherein the funnel member has a bore and is adapteq to coaxially locate
upon the base member such that the bore communicates with the second fluid
supply channel, and wherein the plug member is adapted to be attached to the base
member such that a portion of the plug lies within the bore and the second fluid
passage is defined between the funnel and the plug.

[0084] In this embodiment, the apparatus further comprises a cover member
which encloses the base member, the funnel member and the plug member such
that the first fluid passage is defined between an outer surface of the funnel and an
inner surface of the cover member. Preferably, the cover member has a first end
adapted to coaxially locate upon the base member and be attached thereto, and a
second end having an cutlet adapted to communicate with the first and second fluid
outlets. In the apparatus of this embodiment, the second end of the cover includes
an axially projecting lip portion, the lip portion defining an aperture in communication
with the first and second fluid outlets.

[0085] In this embodiment, the plug member has a first end which attaches to the
base member and a second end which defines the second fluid passage, wherein
the second end has an end face which is concave.

[0086] In this embodiment, the funnel member includes a radially projecting
flange portion, wherein the flange portion is sandwiched between the base member
and the cover member to maintain the axial position of the funnel member relative to
the base member. Preferably, the apparatus is adapted such that the axial position
of the cover member may be adjusted relative to the base. In the apparatus of
embodiment, the plug member may be threaded onto the base such that the axial
position of the plug member may be adjusted relative to the base and the funnel.
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[0087] Other alternative features of the mist generating apparatus are possible.
For example, the cross sectional area of the throat portion may be between 20 and
35 mm?, and an equivalent angle of expansion of the second fluid passage between
the throat and the second fluid outlet may be between 5 and 10 degrees. The cross
sectional area of the second fluid outlet may be between 4 and 7 times farger than
the cross sectional area of the first fluid outlet. Moreover, the first and second fluid

outlets may be located adjacent one another.

Brief Descriptions of the Drawings

[ooss] The accompanying drawings, which are incorporated herein and
constitute part of this specification, illustrate exemplary embodiments of the
invention, and, together with the general description given above and the detailed
description given below, serve to explain the features of the invention.

[0089] FIG. 1 is a schematic illustration of a preferred liquid mist fire protection
system.

[0030] FIG. 2 is a schematic illustration of another embodiment of a preferred
liquid mist fire protection system.

[0091] FIG. 3A is an isometric schematic illustration of an embodiment of the
system of FIG. 1.

[0092] FIG. 3B is an isometric schematic illustration of another embodiment of
the system of FIG. 1.

[0093] FIG. 3C is an isometric schematic illustration of another embodiment of
the system of FIG. 1.

[0094] FIG. 3D is an isometric schematic illustration of yet another embodiment

of the system of FiG. 1.
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[0095] FIG. 4A is an installation schematic for the system of FIG. 3A. .
[0096] FIG. 4B is an installation schematic for the system of FIG. 3B.

FIGS. 5-7 are respectively elevation, plan and side views of a self-
contained fluid supply skid for use in the systems of FIGS. 1 and 3A-3D.
[0097] FIG. 8 is a schemaitic illustration of the operation of the systems of FIGS.
1 and 2.
[0098] FIG. 9 is a performance plot comparing preferred systems to known
systems.
[0099] FIG. 10 is another performance plot comparing preferred systems to
known systems.
[0100] FIG. 11 is a cross-sectional view of one embodiment of an atomizer
assembly.
[0101] FIG. 11A is a detailed view of the atomizer assembly of FIG. 11.
[0102] FIG. 12A is another detailed view of the atomizer assembly of FIG. 11.
[0103] FIG. 12B is a diagram of the relationship between the passages of the
atomizer of FIG. 11.
[0104] FIG. 13 is a cross-sectional view of the base of the atomizer of FIG. 11.
[0105] FIG. 13A is a plan end view of the base of FIG. 13.
[0106] FIG. 14 is a cross-sectional view of the funnel of the atomizer of FIG. 11.
[0107] FIG. 15 is a cross-sectional view of the plug of the atomizer of FIG. 11.
[0108] FIG. 16 is a cross-sectional view of the cover of the atomizer of FIG. 11.
[0109] FIG. 17 is a cross-sectional view of an embodiment of another atomizer
assembly.

[0110] FIG. 17A is a detailed view of the atomizer assembly of FIG. 17.
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[0111] FIG. 18 is a cross-sectional view of an embodiment of another atomizer
assembly.

[0112] FIG. 18A is a detailed view of the atomizer assembly of FIG. 18.

[0113] FIG. 19 is a cross-sectional view of a fluid passage in the atomizer of
FIG. 11.

[0114] FIG. 19A is a detailed view of the fluid passage of FIG. 11.

[0115] FIG. 20 is a schematic diagram of a spray pattern from the atomizer of
FIG. 11.

[0116] FIG. 21 is an exploded view of the atomizer of FIG. 11 and a protective
cap.

[0117] FIG. 22 is a plot showing the cumulative frequency distribution of droplet

sizes in a spray pattern from the atomizer of FIG. 11.

Mode(s) For Carrying Out the Invention

Preferred Systems

[0118] Shown in FIG. 1 is a preferred mist system 100, preferably a liquid mist,
for providing total flooding mist fire protection of an enclosed space 120. More
specifically, the mist system 100 provides for droplets of a fire fighting agent
suspended in a gas that is distributed throughout the enclosed space in a
concentration effective to address, preferably control or suppress and more
preferably extinguish a fire. The fire fighting agent is preferably a liquid such as, for
example, water. Alternatively, the fire fighting agent can be steam or further in the
alternative, the fire fighting agent can be a foam such as, for example, an agueous
film forming foam (AFFF). The AFFF can be made from a synthetically produced

material such as, for example, a liquid detergent mixed with water.
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[0161] Successful fire test results denponstrate the capability of the
preferred systens and net hods described herein to provide effective
fire prot &0 emesiMar eover, the fire tests denonstrate pEEUSHIBISISt em
performance is influenced by, e.g., one or nore of the input system
par anmet ers_di scussec{ abgve. %0162 For exanple, shown in FIG 9 are
three gP&IY 1 oEEMPleD k12N EDEIPSRG #RARYLTIRENTOr avhigh ithgyumish s¥werHVEP g
range of nom nal normalized fire sizes in the preferred systens 300,
300", 4udeddeclddes byt g et limfted ke rengine ey, terbpgnachineryrreosis; er pay
unit volune of the enclosure neasured in kilowatts per cubic neter
(kW cu.othen engibairec@auiingulire: proteetionr ofcfiarsonapte bauid hazards duinsanhinery
for the preferred -62- WD 2009/ 061471PCT1US2008/ 012571 system 300’

i n whi cipates, spenialzieazard I0ackinerycspddesg andiontambution t6Aines emotosuhes.
wat er consunption to extingui shnent for the preferred system 400" in
whi ch e agdleseat sprceet20484h bé sheeictdrized Byuatieds dith&tsidiil chhmderndiies
wat er consunption to extinguishnment for the preferred system 300" in

whi ch taiehade) for 8%kampRD"a fit8l ﬁéél%ﬁ!nllne omeastred A 1abid Atetéiy %, rhllr.%?

600, 602, 604 are substantially simlar over the range of nonm na

nor mal iz @ felet fous St.z)?ér by 18 liRbAL &n%@ion@%te&oﬁ'n.z Befeh o.p of leny e, aidht

that the preferred systens and nethods provide Substantially constTant

fire, Pepeqdn BRI IGaMac s diine" dhensnily WRaRe Wiuhd oA dRIEF, he

atom zers are nount ( _ e enc _OSUI’ e. r_e Specli
per 1 or dopmafis, enkdtbdht, i dinich BTk OO adRECE) #E'foed or

substanti al | he .same, anpunt of er .to, exti i shment, for a
comon REEBECEE SHORRRE! ST pigr ok dBstiiction ickted ARG PREH!Sm about 1
kWcu. m_to 8 kWcu. m Therefore, it is_believed that a preferred
syst eml%%élqg hej egrlosgdoipaead 0 ferarsfarakliiesealnd a¥ to RyeYRIHh @nvh
two atomi zers provided their total flowrates are equal. Thus, a
syst emVgntlateg echange, petvegn the ditedigpof e epslogpd raiacraard jhe qutside
by discharging liquid at a flowrate of 11.4 Ipm (3 gpm to provide
equal fanviopmenbct iAdiernalivelys yibeemadoun ol aiegi of aglmamramvseﬁ!@ﬂon
330", 330" each discharging at a flowrate of 5.7 Ipm (1.5 gpm). The
ot her pipeNNGS0Bio BeSspasep eet, idverwaysh wno neorpdhéiw drthsguearefmeteks agn m.)
hi gh pressure water m st systemand a | ow pressure water m st system
each of(48Hi sduaredeetr sqaftg).e Fuetheairothat aledrnathtes thé onaxitimngreashinmatiral
[ 0164] Anot her set of performance plots 700, 702, 704 is provided at

FI G 1Gentiatiohi operiagd @rotingbays progided et enelsted BpasBBAE firer rated
nom nal nornualized fire heat release rate. Plot 700 shows the tine to

Sao "G Ao cheuES fote SN SEMEALY s L 1 e st
the enclosed space has forced ventilation systems, i.e., fans and/or dampers, the
forced ventitation systems are preferably configured to shut off upon actuation of the
preferred fire protection system 100.
t0121] The preferred system 100 includes at least one, and preferably two or
more, devices 130 for generating and discharging a mist into a substantially
enclosed space 120 to be protected which defines an enclosure volume V. The
discharging devices 130 are preferably liquid atomizing devices or atomizers. In the

liquid mist system 100, each of the atomizers 130 is in communication with a liquid
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WO 2009/ 061471PCT/ US2008/ 012571 exti ngui shnent for the preferred
system 400' in which a single atom zer 430" is ceiling nounted. Pl ot
704 shows WREMWPPHETL 0 exti ngui shment for the preferredPSTABUE/BOH | n
whi ch two atom zers 330" are sidewall mounted. The other plots 706,

100 o o B T BT FRR TR B fferep
POt BB Sr e S SR TR amicast

relatively slightly as .the normalized fire size decreases. Again, the
plots VeF &, a%%@mgaﬁaﬁoeg%wﬁfq e ﬁﬂ\é‘ﬁe’ﬂ“ Prel 88 nealial grs for
configured to praovide substantially the sanme fire protection i
per f or ndigEBUtipn Of the;ligwid dreletsntpiméents liaviddeisbndEig 98 sqwsce 150 is
nounting orientation and/or |ocation of the atom zers within the

encl osupreéferablygineroasdt therefore dbecgas wchn furibes sarve sy aneinerting agent,
substantially equal performance fromsingle atom zer as conpared to a
syst em shancingfiretsupprasssomperfirdesiceach system has a substantially
constant or equivalent total volunme of discharge into the volune. At
the | oW@ri22hngePreferablymtia Hquidfdaueces a8 sandt the gdsossurck | 1K) obthe $yitem
ability of the preferred systens 300, 300", 400' to have a shorter

time totExfdrAgui sfeMainBe hseembRy QGkH hatithd eystbhe 160048 4H Gldependent
pressure water m st systemor a |low pressure mst system

[ 0165] Aglirkd ralquiceaha y&d.e |ﬁQHe%%i;é@sg§amnsem,am lif\Ad SSfrédi1labt
of the preferred systens to provide mst Tire protection to |arger

I T I T P j fai
enc Ose&e%fébﬁﬁcé%’@%&?g%ﬁéne%nﬁ 8f11ﬂ‘gfﬂg¢'\tlng§]g%atd S'nc]ﬁ;’ﬂ'fefo ée%’é&qrca 15p€

tests were co val uate the per m of "the erre

voter, % SoRYSHTTE bine B E) GSELARTGE, THRSUSL B3 18 Roied fo 5
Y O 2l 0N Bkl ooty et S P 100 B

in a pendenf,orientati e utilized faor all tests. The perfornmance
of the Db OLERIAMIES doPer 18 G870 466 150 repsuizagghe dauid spurcs 14550
2009/ 03&47%CT/ US2008/ 012571 cu. m (9180 Cu. ft.) enclosure, in

whi ch @ghing Wales ANk PraviARddeeagh #olizer a0 gt depised wogsing peessure.
pressure and a water flowrate of 5.7 [pm (1.5 gpm corresponding to
a t ot al TR serarate gap feadtathelatomizessn 188 pipyiyes iesgas withashigh to atomize
conparative basis in order to evaluate the performance of a |arger
encl osuand eptraisnhe] ndd for mastt génaration.t The gamidisehatgeafrometheagtomizere
of 2000 kWwas utilized for all tests. For each fire, 38 liters (10
gal | onsfurtbér beptiden éorf thhel high dvedguity o prefetablyy s@lic [to tsaipergohic galbkim ghas db
water was located in a circular pan with a dianeter of 112 cm The
test fitrarspoer end alisttibdteothea histf thooughiont tihe epelpsates volupeantler THe titweid
encl osed space, underneath a (2.0 m x 2.0 m) steel table

obst r ucédupe MOt Andi gasobeiliiceCl 5@ ar@Rferdbly sitedafp peovide f6if BCHkakargan
of fuel. Each test fire was allowed to pre-burn for 30 seconds prior

to initdwhtion ek Iﬁéea!&rﬁter%%ﬁpéﬁééét%oﬁy%ér?ﬁiinﬁt;@&,ﬁgﬂhmpﬁ%éG‘sgkf%rﬁ"%g
conducted on a preferred water m st systemconfigured for th

pr ot ectdBnhefoifigaie fb?%&a‘f??é{cﬁ%rg{;kgfﬂt fHe g¥§i{a§ge E@Lia%oo a&%ﬁgpg%goir{c%_

(36,700 Cu. ft.), four tine se encFosur

tmhe( géﬁﬁgé‘thatfié el er{gﬂgg%gla{?&Hbaﬁt&y@rﬁt@&ar ameter was varied and

rmance o stem neasured to evaluate the scalability of
t he pr d r.m sysi.e ith,.respect to i ed .
par ameféﬁ.&gf m‘é@f‘ﬁ[‘ ‘Eﬂjﬁ?l ?S% %@g\t‘r?rn%%ten%odﬁrﬂgnhgﬂ@@\f atfi? RIpigiredomist
was i ncreased propqrt.iqnall the room size, Accordingly, with th
froe vonaIRr: doreader Rianelsdibeontangd TRbi A ges supniss i sy sism 200
atom zers fromtwo éZ) tg a total of eight. 8% atom zers. The
uses available water and gas supplies of the facility being protected. For example,
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WD 2009/ 061471PCT/ US2008/ 012571 bar (100 psi.) Accordingly, the
systemof Test 1 provided for a total systemflow of 45.4 |Ipm (12
gpn) . [010YP R P¢dTisecond test, Test 2, the nunmber of BEBHEEHE 23S
increased fromtwo(2) to a total of four (4) atom zers. The eight (8)

atom z AN ' t : ' i rigin | pst Lon
ocat | Ghe i) 286 ant R s e b Biael o0 Sphdf cerfihdir Tnd Pl Ea2.
resul ting,.i .he ted.total of four (4) f tion om zers in a
st agger’® gh%gﬁg!g r%&é%'éow 2ﬁﬂra€5'tdethf3 cgaé"a%'rﬁ)pyt gﬁt? Qtﬁ‘e\?\fﬁ'gﬁf% SHCR @St plant,
constant .rate of 5.7 m(1.5 and the operating gas pressure was
hel d at %B@Pﬁa?cte%dfﬁgipréféﬂeeg%?eﬁm y, the system of Test 2 provided
for a total systemflow of 22.7 Ipm (6 gpm. [0170]1ln the third test,
Test 3,[08R8]  edtefelfingergaindo & i, ;sh%w%eaewswenhéoea}f@wﬂ@m within the
functional atom zers utilized in test 2, but this tinme the flowrate
t o eaclengpsedrpasasiel, one s myye sietediers| Y50 aapabld dfdatectingdhe waesancemf
each atom zer was doubled from5.7 Ipm (1.5 gpm to 11.4 Ipm (3 gpm.
The gasa fireed $Uiretheoerdosedspaier €20.Wdhe aletartosut80e(260rinmIG. 2) bes fyrio
psi.) to 13.8 bar (200 psi.). Accordingly, the systemof Test 3

provi dewtefepablg coaplet teespresarhativacthathh 180 ke prdvide gudmaticldpratldross the
each test set up, a 2 kWfire was addressed and exti ngui shed by the

test syt 100e ThamBetettory ard @t Referduly cOAldUred 36 9Bh¥RSe Besghalad
al ong ﬁ/t%h the total water di scharggg at ﬁe time of gxti ngui shgrr'gnt.

The Ti ngderspey 8RN pRRORRANET Adtlatr | 180, NeTHS WdtetiorsN¢66 |48 Rither preferably
extingui shnent was al so recorded. The systemof Test 1 was tested

twce; db'i'lﬁfedé‘%& BidiCpd 401 £ (278 i ?ﬁ%? %9 é‘gl‘él?r% _%ygteﬁpﬁhglz‘#&% P Hidnual

vented throu a 4,0 square rneter vent I'on openi ng
or ovi derSaldh o Fadsise; Teibate i bR @%ﬁ?ﬁaﬁ&?%ﬁéahlﬁﬁ? o e
Cosul ol i, SY, PRGBSl e oA Sy R SBILS e
Pressur

o s ot AmdRe Rt Glor LEmibRiiaipbt gafachir, Opichl Qatector or 3 combination

thereof. The detectors provide the system 100 redundancy or a double interlock

configuration to prevent false trips of the system 100. In operation, the heat
detectors 160 are preferably configured to generate a signal to trip an alarm signal at
the panel 170 in order to provide audible and/or visual alarm signals that a fire 110
has been detected in the space 120.
[0125] The operation of the actuator 180 preferably initiates a discharge of gas
from the gas source 150. The discharged gas pressurizes the liquid source 140 for
_delivery of the liquid fire fighting agent to each of the atomizers 130 at a desired
working pressure or a preferred flow rate. In the preferred system 100, an in-line
orifice 1'32 is disposed between the liquid source 140 and each of the atomizers 130
to provide the liquid to the atomizers 130 at a substantially constant flow rate and
substantially constant operating pressure. Each of the atomizers 130 atomizes the
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incoming liquid to generate the liquid mist for discharge into the space 120 to
address a fire 110. The gas is also delivered directly to the atomizer 130 to atomize
the incoming fluid and for discharge as a high velocity jet stream. The liquid mist
and gas is discharged with sufficient momentum fo dislodge a protective cap
disposed about the outlet of the atomizer. The protective cap 1002, shown for
example in FIG. 21 (along with a preferred embodiment of an atomizer 1000), covers
the outlet of the atomizer to protect the internals of the atomizer in its non-actuated
state from any debris or contaminants that may be in the enclosed space 120. The
gas is preferably discharged at a sonic to supersonic velocity, capable of creating
turbulence within the enclosed space 120 and/or inducing low velocity currents that |
can fransport and distribute the liquid mist throughout the enclosed space 120 to
provide for preferred liquid mist total flooding fire protection.

[0126] The liquid mist is preferably composed of a large quantity of liquid
droplets ranging in size from about 1 micron to about 10 microns and more
preferably 1 to about & microns that are capable of being transported by the induced
air currents. The discharged liquid droplets are dispersed throughout the enclosed
space 120 so as to surround the fire 110. The droplets engage the fire, evaporate
and generate a large volume of steam or liquid vapor capable of displacing oxygen.
The rate of discharge of liquid mist and its density or concentration throughout the
space is such that the rate of evaporation can effectively displace the oxygen so as
to address the fire, preferably control or suppress the fire, and even more preferably
extinguish the fire. In addition to displacing oxygen, the liquid vapor dilutes
flammable vapors by the entrainment of the liquid vapor. As the liquid is converted

to vapor, heat is extracted from the fire to cool the fuel.
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[0127] Further preferred embodiments of a liquid mist fire protection system with
a self-contained fluid supply are shown schematically in FIGS. 3A-D, 4A and 4B and
described in TYCO FIRE & BUILDING PRODUCTS draft Data Sheet TFP2280
entitled, “Aquasonic™: Total Flooding Water Mist Type 130 and 260 Systems’
{Draft-November, 2007}, which is attached to U.S. Provisional Patent Application No.
60/989,083 and incorporated by reference in its entirety. The system 300 of FIG. 3A
is preferably configured with two atomizers 330" pendent mounted for protection of a
substantially enclosed space defining a free volume up to 260 cubic meters (cu. m.)
(9180 cu. ft.). The sysitem 300" of FIG. 3B is preferably configufed with two
atomizers 330" sidewall mounted for protection of a substantially enclosed space
defining a free volume up to 260 cubic meters (cu. m.) (918Q cu. ft.}). The system
400" of FIG. 3C is preferably configured with a single atomizer 430’ that is pendent
mounted for protection of a substantially enclosed space defining a free volume up to
130 cubic meters (cu. m.) (4590 cu. fi.). The system 400” of FIG. 3D is preferably
configured with a single atomizer 430" sidewall mounted for protection of an area up
to 130 cubic meters (cu. m.) (4590 cu. ft.). For the pendent mounted systems 300’,
400", fire protection is preferably provided to the enclosed space 120 in which the
enclosure height can vary from about 3.0 meters to about 5.0 meters (about 9.8 ft. to
about 16.4 ft.) up to about 8.0 meters (26.2 ft.). For the sidewall systems 300", 400",
fire protection is preferably provided to the enclosed space 120 in which the
enclosure height can vary from about 1.0 meter to about 3.0 meters to more
preferably about 5.0 meter (about 3.3 to about 16.4 ft.) up to about 8.0 meters (26.2
ft.).

[0128] Aithough, testing of the preferred mist systems has demonstrated the

ability to provide fire protection independent of the atomizer location within the
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enclosed space 120. The inventors have identified preferred locations for atomizer
installation within the enclosed space 120. In the pendent systems 300°, 400, the
atomizers are preferably located at a minimum of about 1.2 m. (4 ft.}, preferably a
minimum of 0.3 m. (1 ft.) and a maximum 3.4 m. (11 ft.) from any enclosure wall
such that the atomizer has an unobstructed discharge path of about 1.2 m. (4 ft. and
more preferably 0.9 m. (3ft) in diameter from the atomizer to the floor of the
enclosure. In the case of the dual pendent atomizer system 300’ the atomizers are
preferably located on opposite adjacent quadrants or corner areas of the enclosure
20’ as shown, for example, in the plan installation schematic of FIG. 4A disposed
about the fixed equipment 127. More preferably, the two atomizers 330 have a
space D in between their centers of about 3.4 meters (11 ft.) and no greater than
about 9.3 meters (30.4 ft).

[0129] A preferred installation for the sidewall mounted systems 3007, 400"
provide that the atomizers are preferably mounted on the shoﬁer width walls of the
enclosed space 120 where the enclosure space has a rectangular floor plan. The
atomizers of the preferred sidewall systems are mounted at a minimum of about 1.0
meter (3.3 ft.) from any enclosure corner, and further at a minimum of 3.8 meters
(12.5 ft.) to a maximum 12.0 meters (39.3ft) from the opposing enclosure wall.
Mareover, the atomizers 430’ are preferably mounted at a minimum of about 1.0
meter (3.3 ft.) below the ceiling to no greater than half the enclosure height from the
ceiling with an unobstructed discharge path of about 1.5 meters (4.9 ft.) diameter
from atomizer to opposing enclosure wall.

[0130]  Alternatively or in addition to, where a system installation cannot avoid an
obstruction in the discharge path in either the pendent or sidewall configuration, the
atomizers are preferably located such that the cross-sectional area of a discharged
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spray pattern contains no more than a 40% cbstruction in the spray pattern
development zone, and no more than 50% obstruction beyond the spray pattern
development zone. The spray pattern development zone is defined as the region
from the outlet end of the atomizer to a distance DZ distal of the atomizer where the
spray pattern is fully developed. In the schematic of the preferred atomizer 1000
shown in FIG. 20, the spray pattern is considered fully developed about 64 inches
from the outlet end of the atomizer at which point the spray pattern defines a circular
cross-section having a diameter D1A of about 36 inches.

[0131] In the case of the dual sidewall atomizer system 300", the atomizers 330’
are preferably located on opposite adjacent quadrants or corner areas of the
enclosure 20’ as shown, for example, in the plan installation schematic of FiG. 4B.
More preferably, the two atomizers 330" should have a spacé in between so as to
define a perpendicular distance Dp beftween the atomizers’ centerlines CL of
discharge ranging between a minimum of about 1.0 meters (3 ft-3 in.) fo a maximum
of about 4.6 meters (15 ft-1 in.).

Preferred Piping Installation of the Water Mist Systems

[0132] Each of the atomizers in a preferred liquid mist system is preferably
coupled to the fluid supply to ensure that the liquid is delivered to the atomizers at a
preferred substantially constant flow rate and the gas is delivered to the atomizers at
a desired operating pressure. A more preferred installation of a mist fire protection
“system having two atomizers for the protection of a 260 cubic meter space (9180 cu.
ft.)with a self-contained fluid supply of gas and nitrogen gas is described in ANSUL
INC. publication, Ansul Part No. 435650, entitled “Aquasonic™ Water-Atomizing Fire
Suppression System: Design, Installation, Recharge and Maintenance Manual”

(2008}, which is incorporated by reference in its entirety. The preferred installation
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14.8 146 (38.6) [0173] Fromthe test results, the applicants
have concl uded that a 1040 cubic neter (36,700 cu. ft.) enclosure
with a 4 S¥oaeoéemiier (43.1 sq. ft.) ventilation openi RQTUsmIBE2571
protected with at |east as few as 4 total atom zers and an overall

water flow rate of 22.7 Ipm (6 gallons, per mnute). The hi vel Qcity
Spr oy PPOHeRor A SYSRBHI A anaal HesegRremEnt:of e e BNAL FiRE
turbulence, rapidly filling the protected space with water mst. As a
resul t , PROTEGHOM ASSORIOPcpulishas ciansiapbaiNF RA 766: Siansioeh o8ri/agr
both the nunber of devices utilized, and their overall orientation

wi t hi n Misé FirerfirataatieniSysieans AMay2 @63 dhe prefeniedsystenn feinstadled isg dsnto
the 1040 cubic nmeter (36,700 cu. ft.) enclosure were consistent with
t hose ofrovide aematip, imanted 260 apdibnal nehete Opd@fioou. At a) saficomdained
for a constant nornalized fire size. This suggests that the

ext i ngusystemg thee pfefenmad destafiatione psyriiesnfor enponable askid anduraSol ¢ng liagid
the water-togas nmass flowratio is held constant, and the total flow

rate ofsuppiher gds sslmgeshd Ndssokledr btk c6oriRASCe Thes GRIdEGs ;ﬁ:r@@&bw
wi th enclosure volune. WD 2009/061471PCT/1JS2008/ 012571 [0175] The

over al | cdrifiBrddPfor Butdddi ioF MEYr n‘i‘&ﬂh@%h&ﬁr@ﬁf&ﬁ@ﬁ%_ thBIkR 8£fﬁ1|efs°é fid

quantity of water required to extinguish Ire significantly

(15 gar Top) B0 CORbPESRentBl Taid ¥ 08 Buky, QTP PG Soof that fies
T Ut ©)acsibPHIREE byl AR ORI B GG, duced Trom 8 to 4

and nitrogen pressure was cgns r (10? psi.)
0176 ' 040, .cubi 36..700 " . :
{he s]yii{f*i%%Eié%ﬂq%eéﬁf%%ﬁ%ﬁ?‘aa’er%{%?eléqeéﬂéwﬁwaﬂﬁmwiSﬁﬁeﬁf?%erh
. REE .
{1 ow aresnPBEE 2BeIde e Bueh o a8 h e Btema (Hechsariad Srsdy sk

11.4 liters per mnute (3.0 gallons per mnute) each water flow and
13.8 baéoq m@m{%iﬁ ligpigy eRyEee ﬁpeﬁwﬁé.a%éwée%thaﬁw with 2espardy oftas

a water-ta;rgas_ mass flow ratio of approxi mately 2.25:1. _
Ext i ngueastnBhtlitersnedd aelloo) ard merer pigiarably eceanacdy vafr abar t héitary (50
shorter than those observed at 6.9 bar (100 psi) nitrogen pressure.
Thi s swggllessxcontaining arfie Ifighting ligeidc praferablyawater afor protestidn obét least a
I ncrease in spray plune velocity at increased gas pressures.
130 cu. m. (4580 cu. ft.) enclosed space, and more preferably a 260 cu. m. (9180 cu.
ft.) enclosed space. The tank 502 may be alternatively sized to provide a water
supply based on the volume of the protected enclosure; however the tank should be
sufficiently sized to provide for a mist discharge duration of at least ten minutes.
The tank 502 is a pressure vessel, preferably ASME certified, to at least about 14.8
bar (215 psi.). The tank 502 further includes a fill inlet 506 and an outlet 508 for
connection to system piping in communication with ocne or more atomizers.
[0134] The supply skid 500 further includes a gas source 510 that is preferably
configured as a bank of cylinders of a substantially inert gas, for example, nitrogen
gas. In the supply skid 500 shown, the bank of cylinders includes a total of six 11.3

cu. m. (400 cu. ft.) nitrogen gas cylinders staged for the protection of the 260 cu. m.
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[0177] C osing off the 4 square neter ventilation opening resulted in
an increase of glprom mately 25 - 50%in performance (as defined by
time to eWWPAYHPYAHent and total water di scharged at eRETHSRIPEHAFME ) .

The conpressed nitrogen utilized to atom ze the water appeared to

gg't Qiﬁ"P %‘g%?? ?reﬁ'ﬁ&%ﬁ“%‘i:&\%‘at Pf’jybfﬁe efgﬁ#% AB‘?rﬁ“@?&f"%@Sh@ﬂPr
vont 1 s W i ot hRse 3}#"#9 P guc "ae;enﬁ?e S Fhﬁfﬁgkf?d%
Prert iblelflof b 3RS BDIGE ™ kst A g@ﬁ%@&‘é PHISPEES MY 3 P oF H8e

referenceg fire tests were conducted in accordance with tor
Mut ual G-96HH M (#Y ep-dbhrylindersnRegardigsset G%VUQ@GS?rsk&Eﬁgﬁbji'f&%‘gs he
E, -68- WO 2009/ 061471PCT/ US2008/ 012571 and F, at pages 127 to q
146. CAASeSURAY isherefayablyaseiestad 36 Goovide) atmﬁtﬂﬁpéergee@urabe@péébl%lsh e
attached to U. S. Provisional Patent Application No. 60/989, 083 and
are |ndbwtﬁ%1ted by reference in their entireties. Fire tests can be
conducted in accordance with alternate standards such as, for
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gas cylinders 510 of the skid 500 is preferably equipped with a gas regulator 512
preferably set to a flowing pressure range between about 7.7 bar (112 psi.). to about
8.3 bar (120 psi.) for a pressurized gas feed into a piping manifold 514. The piping
manifold 514 includes one discharge outlet end 516 to supply the gas to the
atomizers of the system with a preferred minimum pressure of about 7.6 bar (110
psi.).
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preferably substantially constant pressure of about 0.5 bar (7 psi.) and a more
preferred flow rate of about 5.7 Ipm (1.5 gpm). The preferred in-line restriction orifice
has a restriction orifice diameter preferably ranging from about 0.080 inches to about
0.092 inches with a coefficient of flow efficiency (Cd) of approximately 0.78.
Alternatively or in addition to, the in-line orifice defines a range of K-factors ranging
from about 2.13 Ipm./(bar)”* (0.148 gpm./(psi)?) to about 2.13 ipm./(bar)”* (0.196
gpm./(psi)*), wherein the total flow from the atomizer and orifice assembly is equal to
the K-factor multiplied by the square root of the water supply pressure. Accordingly,
the gas regulator and the liquid orifice facilitate a constant preferred liquid to gas
mass flow ratio in each of the atomizers.

[0138]  The liquid mist systems preferably provide for manual, automatic and/or
remote actuation of the system. Accordingly, as seen in FIG. 5, the supply skid 500
preferably includes a control panel 515 that automatically actuates the liquid mist
system after receiving an input signal from one or more initiating devices, i.e., a
manual actuator or one of the detectors 160. The control .panel 515 further
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preferably provides for manual actuation of the system with a manual operating
switch that can be operated locally or remotely. |

[0139] A preferred method of operation for each of the preferred water mist
systems is shown in the schematic illustration of FIG. 8. The preferred method
provides generating a liquid mist to effectively do at least one of address, control,
suppress or more preferably extinguish a fire 110 in the enclosed area to be
protected. In addition, the preferred method includes distributing the mist throughout
the enclosed space 120 to effectively do at least one of address, control, suppress or
more preferably extinguish a fire 110 in the enclosed area to be protected. The
distribution of the liquid mist throughout the enclosed space 120 preferably provides
total flooding of the mist within the enclosed spaces so as to substantially distribute
the mist evenly or homogeneously throughout the enclosed space such that each
unit volume of the enclosed space contains at least an amount or concentration of
mist to effectively address the fire 110 regardless of the location or crientation of the
mist generating device relative to the fire.

[0140] Distributing the liquid mist further preferably includes generating
turbuience in the enclosed space so as to induce currents capable of transporting
and dispersing the liquid mist. Preferably, the atomizers of the system discharge a
gas in the enclosed space 120 at a high velocity ranging from sonic to a more
preferably supersonic speed so as to provide for the preferred turbulence.

[0141] Generating the liquid mist preferably defines an average volume or mass
of mist for each unit of volume of space {mist density), or at least each 130 cu. m.
(4590 cu. ft.) of enclosure volume V in the enclosed space 120 that is capable of
addressing a fire 110 located anywhere in the enclosed space 120 via total flooding.
Accordingly, the preferred method can adequately address a fire 110 that is either
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shielded or obstructed by an object from the atomizer 130 or alternatively address a
fire located outside the direct discharge path of the atomizer 130. Thus, the
preferred method provides fire protection throughout substantially the entire
enclosed space 120, independent of the location of the atomizer 130 relative to the
fire. Moreover because the minimum amount of mist sufficient to address a fire is a
function of the enclosure voiume V of the enclosed space 120, the method of mist
protection is independent of any particular linear dimensional characteristic of the
enclosed space 120.

[0142] In addition, the minimum mist density may be a function of the manner in
which a fire is to be addressed. For example, the preferred method can provide for
a mist density configured to address a fire by any one of: control, suppression and/or
extinguishment of a fire. More specifically, the preferred system and its method of
generating a liquid mist that includes providing an appropriate distribution of droplets
having a droplet size effective to address a fire. Preferably, the liquid mist is
substantially composed of liquid droplets having a diameter under 50 microns, more
preferably under 10 microns and even more preferably ranging from about 1 to about
5 microns. The small water droplet size makes it possible for low velocity air
currents, stemming from the preferably generated turbulence, to transport and
evenly distribute these droplets in multiple directions within the enclosed space 120.
[0143] it is believed that generating a liquid mist having liguid droplets in the
preferred size range in combination with homogeneous distribution of the liquid mist
throughout the enclosed space 120 can effectively address a fire independent of the
location or orientation of the atomizer 130 by taking advantage of the evaporative
capability of the liquid, for example water, to displace oxygen so as to starve a fire of
oxygen in order to address, control, suppress or more preferably extinguish it. The
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oxygen displacement by water vapor occurs both locally, i.e., within the flame of the
fire, and globally, i.e., outside the flame and within the enclosed space 120.
Moreover the conversion of the water to vapor provides for the other fire fighting
mechanism described above, for exarnple, extracting heat from the fire cooling the
fuel.

[0144] Water displaces oxygen by its evaporation, conversion and expansion
from liquid to vapor. A liter of liquid water at atmospheric pressure expands to
approximately 1600-1700 liters of water vapor upon evaporation. Accordingly, the
displacement capability of liquid mist for a unit volume of liquid mist is directly related
to the proportion of its volume capable of evaporation upon engagement with a fire
or the heat emanating therefrom. Thus, the preferred mist syétems and their method
of operation deliver into the enclosed space 120 a discharge of mist in which a large
proportion of the mist is capable of evaporation in a region proximate the fire plume.
Typical fire plumes to be addressed by the preferred systems, range in velocity from
about 1.5 meters per second (5 ft. per second) to about 15 meters per second (50 ft.
per sec.), and the region in which water droplets of a water mist need to evaporate is
within the initial 8 cm. to 30 cm. (3 to 12 inches) of the fire plume.

[0145] Not wishing to be limited by any particular theory, it is believed that water
droplets within this region need to evaporate preferably within a range of 0.02
seconds to about 0.05 seconds to directly extinguish the fire through substantially
locatized oxygen depletion. By having a water mist in which a iarge distribution of
the: water droplets have a size in the preferred droplet size range of under 10
microns, the mist contains a distribution of droplets that can be evaporated within the
0.02 to 0.05 second range upon being within the initial 8 cm. to 30 cm. (3 to 12

inches) of the fire plume.
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{0146] Moreover, because a greater poriion of the discharge mist is used for
oxygen depletion, a lesser amount of liquid is required to effectively address a fire as
compared to conventional sprinkler systems. The preferred method of liquid mist fire
protection, or more specifically total flooding, is believed to also use less water than
known water mist fire protection systems to effectively address a fire. The preferred
method and its discharged liquid mist includes additional mechanisms with which to
address a fire growth, for example, in addition to displacing oxygen, the evaporation
of the water droplets extracts heat from the fire thereby cooling the fuel.

[0147] The preferred mist systems and methods present an environmentally
friendly or “green technology” for fire protection. Specifically, the low volumes of
water used by the systems minimizes the water waste and runoff. In addition, the
use of the preferred nitrogen gas as an atomizing and transport fluid does not
present an additional hazard to the environment, system operators oa; personnel in
the event of a fire and system actuation.

System Parameters

[0148] The design and performance of the preferred liquid mist systems as a
whole can be defined as a function of one or more system input parameters such as,
for example, the pressure and/or flow rate of the fluids to the atomizing devices, the
volume and configuration of the enclosed space 120 to be protected, the fuel in the
enclosed space to be protected, the anticipated fire type/size to be addressed by the
system, and/or the size and configuration of ventilation opening in the enclosed
space.

[0149] More specifically, the volume, flow, mist density, and/or droplet size of the
fluid mist fo be discharged by the system into the enclosed space 120 can be

defined by, e.g., the inlet characteristics of the gas, the flow rate of liquid and/or the

)
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relation between the two. For example, in the mist fire protection systems described
above, a given flow rate of liquid can provide for a liquid mist effective for addressing
a fire provided there is a sufficient flow and pressure of atomizing gas. The
atomizers 130 used in the preferred methods and systems described above are
preferably configured as multi-fiuid atomizers, for example such as, twin or dual fluid
atomizers which preferably use a liquid and a gas for generating the mist. Preferred
atomizers for use in the above preferred systems and metheds are described in
greater detail below. Alternatively, single fluid or other liquid atomizers may be used
provided such devices can provide for the desired mist having appropriate volume
concentration, droplet size and distribution characteristics as described herein.

[0150] Described herein below, for example, with respect to using the preferred
atomizer of FIG. 11. Applicants have identified an inlet gas pressure or gas
operating pressure for formation of the preferred liquid mist that ranges from about
2.1 bar to 24.1 bar (30 psi to 350 psi.); preferably ranges from about 5.0 bar to 13.8
bar (72 psi. to about 200 psi); more preferably ranges from about 5.9 bar to 9.0 bar
(85 psi. to about 1'30 psi.); yet even more preferably ranges from about 6.2 bar to
about 8.4 bar (100 psi. to about 122 psi.); and is most preferably about 7.6 bar (110
psi.). Alternatively or in addition to, these inlet gas pressures define mass flow rates
and volumetric gas flow rates that preferably range from about 0.0141 kgfs (25 scfm)
to about 0.1667 kg/s; 0.0476 kg/s (84 scfm) to about 0.0619 kg/s (109 scfm) and is
preferably about 0.0476 kg/s (84 scfm). The preferred water mist systems and their
operation are also more efficient than known water mist systems because the
preferred systems 300°, 400’ operate at lower pressures than the known high
pressure water mist systems. Specifically, known high pressure water mist systems
require minimum operating pressure of about 70 bar (1015 psi.). Comparatively, the
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[0151] Applicants have determined that in order to generate a fluid mist effective
to address a fire growth using the preferred atomizers, an appropriately configured
supply of liquid at the atomizer inlet in view of the inlet supply of gas is required.
Preferably, the liquid pressure at the liquid inlet of the preferred atomizer is about 0.5
bar (7 psi.) and at a flow rate of about 1-4 gpm, such as e.g., about 3 gpm or about
3.8 Ipm to about 7.61 lpm (1-2 gpm). More preferably, the performance of a
preferred water mist system and the characteristics of the fluid mist to be discharged
are a function of the mass flow ratio of liquid to gas. More specifically, the applicants

have determined that the preferred atomizers 130 provide an effective liquid mist

~ where the fluids at the inlet of the atomizer 130 provide a liquid fo gas mass flow

ratio within the range of about 1:1 to about 3:1, and more preferably from about
1.75:1 to about 2.25:1 to about 2.5:1 for a given.inlet mass flow or pressure of gas to
the atomizing device. Because such a ratio can be defined by one fluid as a function
of the other, the atomizer performance and therefore the fire fighting performance of
the system can be determined by the inlet characteristics of at least one fluid,
preferably the gas.

[0152]  Alternatively, system design and performance can be a function of room
size. For example, one preferred embodiment of the mist system provides for
discharging at least one of a minimum and maximum volume of liquid mist,
measured in liters (L) (gallons (gal.}), to address a fire in the enclosed space 120. In
one particular embodiment of the preferred mist system a volume of liquid mist
discharge ranges from a minimum of about 22.7 liters (6 gal.) of liquid to about 57

liters (15 gal.) for fire protection of an enclosed space 120 having a volume of about
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260 cu. m. (9180 cu. ft.). The method further defines for fire protection of an
enclosed space 120 having a volume of about 130 cubic meter (cu. m.) (4590 cu. ft.)
with a volume of liquid mist discharge ranging from a minimum of 11.4 liters (3 gal.)
of liquid to about 28.4 liters (7.5 gal.) for the same concentration of droplets. In one
preferred aspect, a total liquid supply volume of a preferred system preferably
ranges from fifty-seven liters (57 L.) (fifteen gallons (15 gal.)) to about ninety-five
liters (95 L.) (twenty-five gallons (25 gal)) for each 130 cu. m. (4590 cu. ft.) of
enclosed space.

[0153] Although the preferred mist systems are sized for a minimum total
discharge time, preferably about ten minute, the system can be alternatively sized to
provide a minimum total discharge volume of liquid mist as a function of anticipated
fire size in the enclosed space to be protected. For example, a preferred system
design can provide a total discharging liquid volume of mist to extinguish a fire for a
given unit of enclosure volume, the extinguishment volume, measured in liters per
cubic meter (1./cu. m.} (gallons per cubic foot (gal.fcu. ft.). Preferably, the total
extinguishing volume of the liquid mist is less than about eight gallons (8 gal.) per
each 130 cu. m. (4590 cu. ft.) of enclosed space. More preferably the total
extinguishing volume of the system ranges from 0.57 liters per cubic meter (0.57
liters/cu. m.) (.0042 gallons per cubic foot (.0042 gal./cu. ft.)) to 0.057 liters per cubic
meter (0.057 liters/cu. m.) (.00042 gallons per cubic foot {.00042 gal./cu. f.)) for a
normalized range of fire sizes ranging from about one (1 kW/m? to about eight (8
KW/m?®).

[0154] Because the preferred design and method of operation of the preferred
systems can provide for a total volume to extinguish a fire, the preferred system

parameters can further define a range of times to extinguishment for a range of
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normalized fire sizes. In one aspect of the preferred method, the extinguishing times
for a preferred system ranges from about 780 seconds to about 80 seconds,
preferably from about 500 seconds to about 80 seconds, and more preferably from
about 420 seconds to about 80 seconds, for a normalized range of fire sizes ranging
from about 1 kW/cu. m. to about 8 kW/cu. m.

Performance & Scalability

[01SSj Three of the preferred mist systems described above were tested under
various fire challenges in an enclosed space 120 measuring 7.72 m. (25.3 ft.) (long)
by 6.55 m. (21.5 ft.) (wide) by 5.1 (16.8 ft.) (tall) for a volume V of about 260 cu. m.
(9180 cu. ft.) With reference back to FIGS. 3A-3C the following systems: (i) mist
system 300’ having two ceiling mounted atomizers 330’; (ii) mist systems 300"
having two sidewall mounted atomizers 330"; and (iii) mist system 400" with a single
ceiling mounted atomizers 430°. The atomizers of each system were located in a
preferred manner as described above, with the ceiling mounted atomizers at a
minimum clearance of about 1.2 m. (4 ft.) from the enclosure wall, and the sidewall
atomizers located on the short walls to maximize its discharge distance.

[0156] Each of the systems was tested with a heptane fuel fire in which heat
release rate (HRR) is varied as foilow: 250 kW, 500 kW, 1000 kW and 2000 kW. For
each fire scenario, the fuel was located in a circular pan with a diameter that varied
with the amount of fuel, Dia. (cm.)/Amt of Fuel (liters), as follows: 45 cm../ {16 liters)
for the HRR of 250 kW, 62 cm./ (30 liters) for the HRR of 500 kW; 79 cm../ (24.5
liters) for the HRR of 1000 kW, and 112 cm./ (49 liters) for the HRR of 2000 kW. For
each of the 1000 kW and 2000 KW fire, equal parts water was added to the fuel.
The test fires were located on the floor in the geometric center of the enclosed

space, underneath a (2.0 m. x 2.0 m.) steel table obstruction, with the obstruction
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about 0.7 m. above the circular pan of fuel. Additionally, each fire was allowed to
burn (pre-burn) for a predetermined period of time before the water mist suppression
system was turned on. The 250 kW and 500 kW fires were allowed to pre-burn for
120 seconds, and the 1000 kW and 2000 kW fires were ailowed to pre-burn for 30
seconds.
[0157] For each fire scenario, each of the two atomizer systems 300°, 400’ was
tested first with a water flow rate to nitrogen gas pressure of 5.7 Ipm (1.5 gpm) for
6.9 bar (100 psi.) delivered to each atomizer, and then subsequently tested with a
water flow rate to nitrogen gas pressure of about 9.5 ipm (2.5 gpm) for 12.1 bar (175
psi.) deliver to each atomizer. The single atomizer system was tested first with a
water flow rate to nitrogen gas pressure of 11.4 ipm (3 gpm) for 13.8 bar (200 psi.)
delivered to each atomizer, Each of the systems was tested with a heptane fuel fire
by measuring, for a given heat relvease rate: (i) the system’s time fo extinguishment;

(i) total mist volume discharge at the time of extinguishment; and {iii) oxygen

concentration in the enclosed space 120 at the time of extinguishment.

[0158] Summary of Test Results for Two Ceiling Mount Atomizers

Fire Size Normalized Pressure to Total Flow Rate | Time To | Finral 02 | Total Flow at

HRR Fire Size Ea. Atomizer | From System [ | Ext [see) | , Ext. [L. (gal.]]

[KW] [kWicu.m) | fbar (psi)] | Ipm (gpm]) (%]

2000 7.69 6.9 (100) | 11.4 (3.0) 111 15.4 21.2 (5.6)

2000 7.69 121 17.8 (4.7} 111 15.5 32.9(8.7)
(175)

1000 3.85 6.9 (100) | 11.4 (3.0) 374 156.7 70.8 (18.7)

1000 3.85 121 18.2 (4.8) 216 - | 154 86.3 (22.8)
(175)

500 1.92 6.9 (100) | 11.4 (3.0) 455 15.4 86.3 (22.8)

500 1.92 12.1 18.9 (5.0) 301 15.0 95.0 (25.1)
(175)

250 0.96 6.9 (100) | 11.4 (3.0) 1018 15.0 193 (50.9)

250 0.96 12.1 18.9 (5.0) 431 151 136 (35.9)
(175)
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[0159] Summary of Test Results for Two Sidewall Mount Atomizers
Fire Size Normalized | Pressure to Total Flow | Time To | Final 02 | Total Flow at Ext.
HRR [kw] Fire Size Ea. Qtomlzer Rate  From | Ext. [sec.] [%] [L. {gal)]
[KWicu. m.] | [bar(psi.)] System I
Ipm (gpm]]
2000 7.69 6.9 (100) | 11.4 (3.0) | 82 17.0 [15.5(4.1)
2000 7.69 12.1 (175) 1 18.9(5.0) | 85 16.0 | 26.9(7.1)
1000 3.85 6.9 (100) 11.4 (3.0) | 224 16.8 | 42.4 (11.2)
1000 3.85 12.1 {175) | 18.9 (5.0) | 164 17.0 | 51.8(13.7)
500 1.92 6.9 (100) 11.4 (3.0) | 349 16.5 |66.2 (17.5)
500 1.92 12.1(175) | 18.9(5.0) | 319 15.6 | 101 (26.6)
250 0.96 6.9 (100) | 11.4 (3.0) | 866 15.6 | 164 (43.3)
250 0.96 12.1(175) | 18.9 (5.0) | 501 15.3 | 158 (41.8)
[0160] Summary of Test Results for Single Cetling Mount Atomizers
Fire Size Nommalized Prassure to Total Flow | Time To Ext. | Final Total Flow at Ext
HRR kW] Fire Size Ea. Atomizer | Rate From | {sec.] 02[%] [L. {gal.)]
(kWieu. m.d [har (psi.)] System
[ Ipm {gpmi}}
2000 7.69 13.8 11.4 (3.0) | 145 14.7 |27.6(7.3)
(200)
1000 3.85 13.8 114 (3.0) | 237 15.2 |1 45.0(11.9)
(200)
500 1.92 13.8 11.4 (3.0) | 500 16.1 | 94.6 (25.0)
(200)
250 0.96 13.8 11.4 (3.0) | 766 16.1 | 145 (38.3)
(200)
[0161] Successful fire test results demonstrate the capability of the preferred

systems and methods described herein to provide effective fire protection.
Moreover, the fire tests demonstrate that the system performance is influenced by,
e.g., one or more of the input system parameters discussed above.

[0162] For example, shown in FIG. 9 are three plots for the total water
consumption to extinguishment over a range of nominal normalized fire sizes in the
preferred systems 300°, 300", 400’ described above. The normalized fire is the fire
size per unit volume of the enclosure measured in kilowatts per cubic meter (kW/cu.
m.).

Plot 600 shows the water consumption to extinguishment for the preferred
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system 300’ in which two atomizers 330" are ceiling mounted. Plot 602 shows the
water consumption to extinguishment for the preferred system 400’ in which a single
atomizer 430° is ceiling mounted. Plot 604 shows the water consumption to
extinguishment for the preferred system 300" in which two atomizers 330" are
sidewall mounted.

[0163] The three plots 600, 602, 604 are substantially similar over the range of
nominal normalized fire sizes. The plots 600, 602, 604 therefore illustrate that the
preferred systems and methods provide substantially constant fire protection
performance regardless of where or in what manner the atomizers are mounted
within the enclosure. More specifically, the plots 800, 602, 604 indicate that a single
atomizer system can perform the same as a dual atomizer system, i.e., require
substantially the same amount of water to extinguishment, for a common range of
nominal fire sizes, preferably ranging from about 1 kW/cu. m. to 8 kW/cu. m.
Therefore, it is believed that a preferred system having a single atomizer can
perform the same as a system with two atomizers provided their totat flow rates are
equal. Thus, a system 400’ with a single atomizer 430’ can be appropriately scaled
by discharging liquid at a flow rate of 11.4 Ipm (3 gpm) to provide equal fire
protection as a system 300°, 300" having two atomizers 330°, 330" each discharging
at a flow rate of 5.7 Ipm (1.5 gpm). The other plots 606, 608 respectively show the
performance of a known high pressure water mist system and a low pressure water
mist system, each of which require a greater amount of water for extinguishment.
[0164] Another set of performance plots 700, 702, 704 is provided at FIG. 10, in
which each piot shows the time to extinguishment for a nominal normalized fire heat
release rate. Plot 700 shows the fime to extinguishment for the preferred system

300" in which two atomizers 330 are ceiling mounted. Plot 702 shows the time to
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FIG. 10 show the time to extinguishment respectively for a known high pressure mist
system and a low pressure mist system. The plots 700, 702, 704 for the preferred
systems substantially converge for a normalized fire size of about 8 kW/cu. m. and
only vary relatively slightly as the normalized fire size decreases. Again, the plots
700, 702, 704 demonstrate that the preferred systems can be configured to provide
substantially the same fire protection performance, i.e., time to extinguishment,
independent of the mounting orientation and/or location of the atomizers within the
enclosure being protected. Moreover, the plots: illustrate substantially equal
performance from single atomizer as compared to a system with two atomizers
provided each system has a substantially constant or equivalent total volume of
discharge into the volume. At the lower range of normalized fire sizes, the plots
illustrate the ability of the preferred systems 300', 300", 400’ to have a shorter time
to extinguishment when compared to either the known high pressure water mist
system or a low pressure mist system.

[0165]  Additional tests were conducted to demonstrate the scalability of the
preferred systems fo provide mist fire protection to larger enclosed systems beyond
260 cu. m. (9180 cu. ft.) In particular, fire tests were conducted to evaluate the
performance of the preferred water mist system in an enclosed space measuring 13
m. (42.5 ft.) long by 10. m. (32.8 ft.) wide by 8.0 m. (26.2 ft.) tall for a volume V of
about 1040 cu. m. (36,700 cu. fi.) with a ventilation opening of 4 sq. m. on one of the
two shorter walls. Ceiling mounted atomizers in a pendent orientation were utilized

for all tests. The performance of the two pendent atomizer system 300’ for the 260
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cu. m. (9180 cu. ft.) enclosure, in which each atomizer was provided with 6.9 bar
(100 psi.) of gas pressure and a water flow rate of 5.7 lpm (1.5 gpm) corresponding
to a total system flow rate of 11.4 Ipm (3 gpm), was used as a comparative basis in
order to evaluate the performance of a larger enclosure system.

[0166] A test fire with a nominal heat release rate of 2000 kW was utilized for ali
tests. For each fire, 38 liters (10 gallons) of heptane fuel and approximately 38 liters
(10 galions) of water was located in a circular pan with a diameter of 112 cm. The
test fires were located on the floor in the geometric center of the enclosed space,
underneath a (2.0 m. x 2.0 m.) steel table obstruction, with the obstruction about 0.7
m. above the circular pan of fuel. Each test fire was allowed to pre-burn for 30
seconds prior to initiation of the mist suppression system.

[0167] Three tests were conducted on a preferred water mist system configured
for the protection of an enclosed spaced having a free volume of 1040 cu. m.
(36,700 cu. it.), four times the volume of the base enclosure 260 cu. m. (9180 cu. ft.).
In each test, a system parameter was varied and the performance of the system
measured to evaluate the scalability of the preferred water mist systems with respect
to the varied parameter.

[0168] In the first test, Test 1, the number of atomizers was increased
proportionally to the room size. Accordingly, with the free volume increased four
times, test 1 increased the number of atomizers from two (2) to a total of eight (8)
atomizers. The atomizers were installed in an evenly spaced grid pattern on the
enclosure ceiling which consisted of two rows of four atomizers nominally 5.0 m.
(16.4 ft.) by 3.25 m (10.7 ft.) apart. The flow rate to each atomizer was held at the

constant rate of 5.7 Ipm (1.5 gpm) and the operating gas pressure was held at 6.9
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bar (100 psi.) Accordingly, the system of Test 1 provided for a total system flow of
454 Ipm (12 gpm).

[0169] In the second test, Test 2, the number of atomizers was increased from
two(2) to a total of four (4) atomizers. The eight (8) atomizers utilized in test 1 were
left in their original installation location, but the fluid supply to every other atomizer
was shut off, resulting in the stated total of four (4) functional atomizers in a
staggered pattern. The flow rate to each atomizer was held at the constant rate of
5.7 Ipm (1.5 gpm) and the operating gas pressure was held at 6.9 bar (100 psi.)
Accordingly, the system of Test 2 provided for a total system flow of 22.7 Ipm (6
gpm).

[0170] In the third test, Test 3, the test system was again provided with the same
four functional atomizers utilized in test 2, but this time the flow rate to each was
increased. More specifically, the flow rate of water to each atomizer was doubled
from 5.7 lpm (1.5 gpm) to 11.4 ipm (3 gpm). The gas pressure to each atomizer was
also doubled from 6.9 bar (100 psi.) to 13.8 bar (200 psi.). Accordingly, the system
of Test 3 provided for a total system flow of 45.4 Ipm (12 gpm.).

[0171] For each test set up, a 2 kW fire was addressed and extinguished by the
test system. The time to extinguishment for each system was recorded along with
the tfotal water discharged at the time of extinguishment. The final oxygen
concentration in the room at the time of extinguishment was also recorded. The
system of Test 1 was tested twice; once with the 1040 cu. m. (36,700 cu. ft.)
enclosure space vented through a 4.0 square meter (43.1 sq. ft.) ventilation opening
and once with the enclosure space not vented. Results of the tests is provided

below:
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[0172] Summary of Results for Ceiling Mounted Atomizers in a 1040 cu. m.

Enclosure
Fire Size Normalized | Qty of | Pressure to Total Flow Rate | Time To | Final Total Flow at
HRR Fire Size Atomizers Ea. Atqmizer From System | Ext. 02 4] Ext. {L. {gatl.}]
[kW] [kWicu. m.] [bar {psi.}] [pm {gpm)] [sec.]
2000 1.9 8 6.9 (100) | 45.4 (12.0) | 390 156.0 | 295 (78.0)
2000 1.9 8 6.9 (100) |[45.4(12.0) | 380 15.0 | 295 (78.0)
2000 1.8 8 6.9 (100) | 45.4 (12.0) | 253 15.4 | 192 (50.6)
2000 1.8 4 6.9 {100) | 22.7 (6.0) | 430 154 | 163 (43.0
2000 1.9 4 6.9 (100) [22.7(6.0) 459 [15.2 [174(45.9)
2000 1.9 4 6.9 (100) | 22.7(6.0) | 344 15.0 |130(34.4)
2000 1.8 4 6.9 (100) | 22.7 (6.0) | 348 15.0 | 132 (34.8)
2000 1.9 4 10 (145) |30.3(8.0) [3583 [150 [178(47.1)
2000 1.8 4 13.8 454 (12.0) | 381 14.8 | 288 (76.2)
(200)
2000 1.9 4 13.8 45.4 (12.0) | 193 14.8 | 146 (38.6)
(200)

[0173] From the test results, the applicants have concluded that a 1040 cubic
meter (36,700 cu. ft.) enclosure with a 4 square meter (43.1 sq. ft.) ventilation
opening can be protected with at least as few as 4 total atomizers and an overall
water flow rate of 22.7 Ipm (6 galions per minute). The high velocity spray plume of
the atomizer generates a significant amount of turbulence, rapidly filling the
protected space with water mist. As a result, fire extinguishment performance
appears to be independent of both the number of devices utilized, and their overall
orientation within the compartment.

[0174]  The overall results of the testing in the 1040 cubic meter (36,700 cu. ft.)
enclosure were consistent with those of the testing in the 260 cubic meter (9180 cu.
ft.) enclosure for a constant normalized fire size. This suggests that the
extinguishing performance of the system remains constant as long as the water-to-
gas mass flow ratio is held constant, and the total flow rate of water discharged into

the protected space is scaled linearly with enclosure volume.
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[0175] The overall time to extinguishment marginally increased while the total
quantity of water required to extinguish the fire significantly decreased when the total
water flow rate was reduced from 45.4 liters (12 gallons per minute) to 22.7 liters per
minute (6 gallons per minute), the number of discharging atomizers was reduced
from 8 to 4, and nitrogen pressure was held constant at 6.9 bar (100 psi.)

[0176] When tested in the 1040 cubic meter (36,700 cu. ft.) enclosure, the
system demonstrated nearly identical performance when tested with 8 atomizers set
at 5.7 liters (1.5 gallons per minute) each water flow and 6.9 bar (100 psi) nitrogen
pressure, and 4 atomizers set at 11.4 liters per minute (3.0 gallons per minute) each
water flow and 13.8 bar (200 psi) nitrogen pressure. These settings corresponded to
a water-to-gas mass flow ratio of approximately 2.25:1. Extinguishment times at 200
psi nitrogen pressure were marginally shorter than those observed at 6.9 bar (100
psi) nitrogen pressure. This suggests that overall turbulence increases as a result of
the increase in spray plume velaocity at increased gas pressures.

[0177] Closing off the 4 square meter ventilation opening resulted in an increase
of approximately 25 — 50% in performance (as defined by time to extinguishment and
total water discharged at extinguishment). The compressed nitrogen utilized to
atomize the water appeared to maintain a higher pressure within the enclosure with
respect to the external environment, subsequently reducing the quantity of fresh air
which was drawn through the ventilation opening. It is surmised that ventilation
effects can be significantly reduced if not eliminated by pressurizing an enclosure

with a high enough introduction rate of inert gas such as nitrogen into the space.

FM Testing

[0178] The above referenced fire tests were conducted in accordance with

Factory Mutual Global ("FM Global") Standard 5560 (May 2005), Appendices D, E,
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and F, at pages 127 to page 146. Copies of the FM Standard 5560 and the three
test protocols are attached to U.S. Provisional Patent Application No. 60/889,083
and are incorporated by reference in their entireties. Fire tests can be conducted in
accordance with alternate standards such as, for example, IMO, VDS, UL, CCCF,
etc. More specifically, fire tests were conducted to illustrate the effectiveness of the
preferred method in providing water mist fire protection for: (i) Machinery Spaces; (ii)
Special Hazard Machinery Spaces; and (iii) Combustion Turbine Enclosures. The
three test protocols provide for each one of (i) a diesel and a heptane fuel test, (ii) a
total of five fire tests for machinery spaces and (iii) seven tests for insulated
combustion turbines. Preferably, the diesel fuel is high flash point diesel used
preferably in normal hazard and combustion turbines, and the heptane fuel is of é
low flash point special hazard type. Each of the fires tested ranged between about 1
megawatt fo just over 2 megawatt (1-2 MW) and was configured as any one of a
small shielded fuel spray fire, a soaked insulation matt fire, a ventilated fuel fire, a
pool fire and a pan fire.

[0179] Each of the fire test scenarios was conducted using two preferred two
atomizer mist system 300’ and single atomizer mist system 400’. The first preferred
system 300" having two atomizers 330" was evaluated in a 260 cubic meter (9180
cu. ft.) enclosed space 120 measuring generally 6.6 m. (21.6 ft.) wide by 7.7 m. (25.3
ft.) long by 5.1 m. (16.8 ft.) high, and the second preferred system 400 having a
single atomizer 430 was evaluated in a 130 cu. m. (4590 cu. ft.) enclosure
measuring generally 6.6 m. (21.6 t.). wide by 3.9 m. (12.8 ft.) long by 5.1 m. (16.8
ft.) high. In accordance with the FM test requirements, the enclosed space included
a personnel door, preferably (0.81 m. (2.7 ft.) x. 2.03 m. (6.7 ft.)), located 2.7 m. (9
ft.) from one of the enclosure corners. Along one of the long walls of the enclosure,
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a preferably removable panel (1.22 m. (4.0 ft.) x 2.44 m. (8.0 ft.) is provided to
provide enclosure access. The enclosed spaced 120 further included two hinged
ceiling hatches (0.91 m. (3.0 ft.) x 1.83 m. (6.0 f.)) in opposite diagonal corners to
provide heat and smoke release at the conclusion of the test.

[0180] Each of the systems 300, 400' was constructed and tested with its
atomizers 330, 430 initially ceiling mounted and then subsequently tested with the
atomizers sidewall mounted 300", 400”. For each fire test, the atomizers 330’, 430’
were provided with a flow of water at about 11.4 liters per minute (3 gpm) and a gas
flow rate of 4.6 kg/min (150 scfm) at an operating pressure of about 6.9 bar (100
psi.). The total water mist discharge time from the systems was about 10 minutes.
[0181] According to the fire test results for each of the preferred systems 300’
and 400, extinguishment of the test fire was achieved in less than five minutes with
an end _concentration of oxygen per volume within the enclosure space at or above
fifteen percent by volume.

[0182]  According to Appendix D of FM 5560, five tests are conducted: D1) an
unshielded 1 MW diesel spray fire; D2) a shielded 1 MW diesel spray fire; D3) a
diesel pool fire; D4) a shielded 2 MW diesel spray fire with limited natural ventilation;
and D5) a shielded 2 MW diesel spray fire at the smaller enclosure volume.

[0183] Summary of FM Appendix D Test Results

Class Qty. of Nozzle Water | Nitrogen | Estimated | Ext. Time | Total Water | Total Mass

5560 Nozzles |Spacing ft.[m]| Flow | pressure | Fire Size [sec) at Ext Density % Ext.

Test Rate | [bar (psi}] |  fw] Diters (gal)] (gim®

Number [gpm :
{lpm)]

D.3.1 2 85x13.5 |57(1.5)] 6.9 (100} 1000 145 27.4 (7.25) 105.19
(2.9 % 4.1)

D.3.2 2 8.5x13.5 |5.7(1.8)] 6.9 (100} 1000 225 42.6 (11.25) 163.23
(2.9 x 4.1}

D.3.2 2 13.5x17.5 |57 (1.5)| 6.9 (100} 1000 153 29.0 {7.65) 111.00
(4.1 x 5.3)

D33 2 85x13.5 [5.7(1.5)] 6.9{100) 1541 145 27.4 (7.25) 105.19
(2.8 x4.1)
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[0184] According to Appendix E of FM 5560, five tests are conducied: E1) an
unshielded 1 MW Heptane spray fire; E2) a shielded 1 MW Heptane spray fire; E3) a
shielded 10.8 cu. ft. (1 cu. m.) Heptane Pool Fire ; E4) a shielded 2 MW Heptane
spray fire with limited natural ventilation; and E5) a shielded 2 MW diesel spray fire
at the smaller enclosure volume.

[0185] Summary of FM Appendix E Test Results

Class Qty. of Nozzle Water | Nitrogen | Estimated Ext. Time | Total Water | Total Mass
5560 Test | Nozzles | Spacing ft. fm]| Flow | pressure | Fire Size [sec] at Ext Density % Ext.
Number Rate |[bar(psi)i| [kWI [liters (gal}) {g/m®)
lgpm
(pm}]
E.3.1 2 95x13.5 |5.7(1.5)| 6.9({100) 1000 185 37.1 (9.8) 284.38
{2.9 x4.1)
E.3.2 2 9.5x13.5 |57(1.5)] 6.9 {100) 1000 208 3%.4(10.4) 301.80
29x4.1)
E.3.3 2 9.5x135 |57(1.5)] 6.83{100) 2300 133 25.2 (6.55) 192.97
(2.9x4.1)
E3.4 2 9.5x13.5 5.7 (1.5)| 6.9 (100} 2000 204 38.6 (10.2) 295.99
29x4.1)
E34 2 13.5x17.5 5.7 (1.5)] 6.9{100) 2000 203 386 (10.2) 294.54
(4.1x5.3)
E35 1 - 57 (1.5 6.9(100y | 2000 105 15.9 (5.25) 152.35

[0186] According to Appendix F of FM 5560, five tests are conducted: F1) an
unshielded 1 MW diesel spray fire; F2) a shielded 1 MW diesel spray fire; F3) a
shielded 10.8 cu. ft. (1 cu. m.) diesel Pool Fire; F4) a shielded 2 MW diesel spray fire
with limited natural ventilation; and F5) a shielded 2 MW diesel spray fire at ithe
smaller enclosure volume; F7) a saturated insulation mat and spray fire; and F8) a

large saturated insulation mat.
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[0187] Summary of FM Appendix F Test Results

Class Qty. of Nozzle Nozzle Water | Nitrogen | Estimated | Ext. Time [Total Water at| Total Mass
55660 Test| Nozzles (Orentation| Spacing ft. | Flow pressure | Fire Size [sec] Ext Density % Ext.
Number [m] Rate [bar (psi)] [kWW] [titers (gal)] (glm’)
[gpm
(Ipm)]
F.31 2 Ceiling | 9.5x13.5 | 5.7 (1.5} 6.9 (100) 1000 145 27.4 (7.25) 105.19
(2.9x4.1)
F.3.2 2 Ceiling | 8.5x13.5 | 5.7 {1.5)}{ 6.9 (100) 1000 225 42,6 (11.25) 163.23
(2.9x4.1)
F3.2 2 Ceiling }|13.5x17.5]5.7 (1.5)| 6.8 (100) 1000 153 29.0 (7.65) 111.00
(4.1x53)
F.3.3 2 Ceiling | 8.5x13.5 | 5.7 (1.5){ 6.9(100) 1541 145 27.4 (7.25) 105.19
(2.9x 4.1)
F34 2 Ceiling | 9.5x13.5 | 5.7(1.5)| 6.9(100) 2000 223 42.4 (11.15) 161.78
{2.9x4.1)
F.3.5 1 Ceiling - 5.7(1.5)| 6.9(100) 2000 105 18.8 (5.25) 162.35
F.3.1 2 Sidewall |14.8x 255 5.7 {1.5)| 6.9 (100) 1000 242 458 (12.1) 175.56
(4.6 x 6.6)
F.3.2 2 Sidewall 114.9x255] 5.7 (1.5) | 6.9 {(100) 1000 214 40.5 (10.7) 155.25
(4.6 x6.5)
F3.3 2 Sidewall {14.9x255(5.7 (1.5} | 6.8 (100) 1541 242 458 (12.1) 176.56
(4.6 x686)
F.3.4 2 Sidewall {14.9x25.5(6.6 (1.75)] 7.6 (110) 2000 147 27.8 (7.35) 106.64
{4.6 x 6.6}
F35 1 Sidewall - 57{1.5)| 6.9{(100) 2000 255 48.3 (12.79) 369.99
F.3.7 2 Cefling | 9.5x13.5 | 5.7{1.5) | 6.9(100} 1100 183 34.6 (9.15) 265.52
(2.9x4.1)
F.3.7 2 Sidewall [14.9x25.5]57 (1.5) | 6.9 (100) 1100 197 37.3 (9.85) 285.83
{4.6 x 6.6)
F.3.8 2 Ceiling | 9.5x13.5 |57 (1.5} | 6.9 (100} 1541 279 52.8 (13.95) 404.81
(2.9x4.1)
F.3.8 2 Ceiling §13.5x17.5} 57 (1.5){ 6.9{100) 1541 240 45.4 (12.0) 348.23
(4.1x5.3)
F.3.8 2 Sidewall [14.9x25.5}5.7 (1.5) | 6.9(100) 1541 257 48.6 (12.85) 372.89
{4.6 x 6.6)

[0188] Because of the successful test results, the preferred systems and
methods are believed to provide industrial fire protection in enclosed spaces at least
up one thousand forty cubic meters (1040 cu. m.) for special hazard applications
including, but not limited to: (i) oit pumps and tanks; (ii) fuel filters; (iii) generators; (iv)
transformer vauits; (v) diesel driven generators; (vi) gear boxes; (vii) drive shafts;
(viii) lubrication skids; (ix) combustion turbines; (x) internal combustion engines; (xi)
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hydraulic power packs; (xii) paint booths; (xiii) engine test cells, (xiv) solvent handling
cells; and (xv) flammable liquid storerooms.

[0189] The preferred systems and methods have a demonstrated ability to
provide effective fire protection more efficiently than known water mist systems or
conventional water spray or sprinkler systems. In particular, the table below
illustrates that the preferred method and system of fire protection provides effective
fire protection with at least one of (i) less water; and (i) at lower pressure; when
compared to known high or low pressure water mist systems. Table 1 below shows
respectively the total water consumption required and the corresponding pressure
required for total flooding extinguishment of a nominal 1 MW fire for each of the

preferred water mist system, a known high pressure mist system, and a known low

pressure mist system.

Test Data - (Sealed Compartment Data

Only)
System Min. Ref. Flow|Water Consumption [liters
Operating Rate {gallons})]
Pressure ({lpm
[bar (psi)] {{gpm)]
1kWim® [2kWim®  [4kWim®  [8 kWim®
(97 (194 (388 {776
BTU/Mthr) [BTU#hr) [BTURER [BTUHEh)
Preferred  System|6.9 (100) [11.4 (3.0)[164 (43.3) |66.2 (17.5) |42 (11.2} [15.5(4.1)
300,400*
Known High|80 (1160} |30 (7.9) (1305 (345)|270(71.3) |135 (36) 50 (13.2)
Pressure Mist (HI-
FOG ®)
Known Lowi12.4 (180) |485 1358 (369) {548 (145) |242.5(64) [111.5 (29.5)
Pressure Mist {12.8)
{AQUAMIST ® from
TYCO FIRE
PRODUCTS LP)
Test Data - (Sealed Compartment Data
Only)
System Min. Ref. Flow|Extinguishment Time [seconds]
Operating |Rate
Pressure |[[Ipm
[bar (psi)] |(gpm)]
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1kWim® [2kWim®  [4kW/m® |8 kW/m®
(97 {194 (388 (776
BTU/#thr) |BTUKChr) |BTU/fhr) |BTUIthr)
Preferred  System|6.9 (100) [11.4 (3.0) (866 349 224 82
300,400*
Known High|80C (1160) (30 (7.9} |2630 542 270 100
Pressure Mist (HI-
FOG ®)
Known Low(12.4 (180} (485 1691 678 298 137
Pressure Mist (12.8)
(AQUAMIST ® from
TYCO FIRE
PRODUCTS LP)
* System tested in a slightly larger compartment than referenced High Pressure
and Low Pressure systems.

A Preferred Atomizing Device

[0190] One preferred atomizer 1000 for use in the above water mist systems is
shown in FIGS. 11, 13, 14 and 15. The atomizer 1000 is a twin fluid mist generating
device having a first fluid passage 1080 and a second fluid passage 1090. The first
and second fluid passages 1080, 1090 of the atomizer 1000 are defined by the
manner in which the componenis of the device interconnect and interrelate with ane
another. The components of the atomizer 1000 generally include: a base 1012, a
funnel 1030, a plug 1050 and a cover 1070.

[0191] The base 1012 is preferably a generally circular member having a rear
face 1014, a front face 1016 and first and second fluid inlet passages 1018, 1020
adapted to receive respectively the liquid and gas from their respective fluid supply
sources (not shown). Each of the fluid inlet passages 1018, 1020 is substantially
parallel with the longitudinal axis L of the apparatus. Extending longitudinally
through the centre of the base 1012 is a bore 1017.

[0192] The funnel 1030 is engaged with the base 1012 so that the base 1012
and the funnel 1030 are concentrically disposed about the longitudinal axis L. The

funnel 1030 has a first end 1044, a second end 1042 and a bore 1046 extending
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fongitudinally through the funnel 1030 from the first end 1044 to the second end
1042 to generally define the second fluid passage 1090. The bore 1046 has an inlet
1047 at the first end 1044, an outlet 1048 at the second end 1042, and a throat
portion 1049 intermediate the inlet 1047 and the outlet 1048. At the inlet 1047 the
bore 1046 has a diameter D1, at the throat portion 1049 the diameter of the bore
1046 is D2, and at the outlet 1048 the diameter of the bore is D3. The diameter D1
at the inlet 1047 is greater than the diameter D2 or D3, whilst the diameter D2 at the
throat portion 1048 is less than the diameters D1 and D3. As a result, the bore 1046
narrows from its widest point at the inlet 1047 to a narrow diameter at the throat
portion 1049 before widening again until it reaches the outlet 1048. The funnel 1030
is preferably formed as a single piece member having a radially extending flange
portion 1032 and an axially projecting body portion 1034. The body portion 1034 has
an outer surface 1037. An annular lip portion 1031 extends rearwards from the
flange portion 1032 defining a first fluid passage 1038 and an inspection port 1039.

[0193] The plug 1050 is an elongate member having a first end 1051 and a
second end 1052. The plug 1050 has a first generally cylindrical portion 1053 and a
second conical portion 1055 extending from, and preferably integrally formed with,
the cylindrical portion 1053. Thé conical portion 1055 has a smallest diameter D4
adjacent the cylindrical portion 1053 and its largest diameter D5 at the second end
1052 of the plug 1050. The plug 1050 is engaged with the base 1012 such that the
conical portion 1055 of the plug 1050 provides a solid protrusion disposed in the
bore 1046 of the funnel 1030. More specifically, the inner surface of the bore 1046
and outer surface of the plug 1050 define a preferred configuration of the second

fluid passage 1080.
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[0194] The inlet 1047 of the funnel bore 1046 acts as the inlet of the second fluid
passage 1090. The second fluid passage 1080 further includes a throat portion
1092 adjacent the throat 1049 of the bore 1046 of the funnel, and an outlet 1094
adjacent the respective second ends 1042, 1052 of the funnel 1030 and plug 1050.
As a result of the previously mentioned variations in the diameter of the bore 1046
and the outward taper of the conical portion 1055 of the plug 1050, the second fiuid
passage 1090 has a convergent-divergent internal geometry. In other words, the
cross-sectional area of the throat portion 1092 of the passage 1090 is considerably
smaller than that of the inlet 1047 and the outlet 1094. The cross sectional area of
the passage 1090 at the outlet 1094 is preferably greater than that at the throat
portion 1092, but less than that at the inlet 1047. The total volume of the second
fluid passage 1090 from inlet 1047 to outlet 1094 may be about 24,900 cu. mm. and
is more preferably between 24.3 cu. cm. (1.48 cu. in.) and 25.500 cu. cm (1.56
cu. in.).

[0195] The cover 1070 is axially placed on the base 1012 such that the cover is
then concentric with the other components about the axis L. The cover 1070 is
generally dome-shaped, having a first end 1072 of larger diameter than a second
end 1074, Projecting axially from the second end 1074 of the cover 1070 is an
annular lip 1076. Referring to FIG. 21, the lip 1076 forms an outer surface to the
cover 1070 over which a dust cap 1002 or other protective covering that can be
secured to prevent contaminant from entering the atomizer through the discharge
space 508 when the system is in a non-actuated state. As discussed above, the
cover 1002 is disposed about the lip 1076 such that the discharge fluids from the

atomizer dislodge the dust cap 1002 from the lip 1076.
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[0196] Referring back to FIG. 16, the lip 1076 has an internal surface 1078 which
defines a chamber or bore of substantially constant diameter. The cover 1070 has a
first section adjacent the first end 1072 which has a first inner surface 1073 of
substantially constant diameter. A second section of the cover 1070 extending
between the first section and the lip 1076 has a second inner surface 1075. The
diameter of the second section reduces in the direction of the second end 1074,
More preferably, the second inner surface 1075 has a shooth inwardly curving
profile as it progresses towards the second end 1074, with no steps or angies
present on the inner surface 1075. The second inner surface 1075 of the cover 1070
and the outer surface 1037 of the funnet 1030 define the first fluid passage 1080
having an inlet 1082 and an outlet 1084. The inlet 1082 of the first fluid passage
1080 is in fluid communication with the first fluid inlet 1018 of the base 1012 and first
fluid passage 1038 of the funnel 1030. Due to the contours of the second inner
surface 1075 of the cover and outer surface 1037 of the funnel the first fluid passage
1080 has a divergent-convergent internal geometry. In other words, the cross
sectional area of a portion of the first fluid passage 1080 intermediate the inlet 1082
and outlet 1084 is greater than the cross sectional area at either the inlet 1082 or
outlet 1084. The cross sectional area of the first fluid passage 1080 progressively
reduces following the intermediate portion. The total volume of the first fluid passage
1080 from inlet 1082 to outlet 1084 may be between 118000 cu. m. and 121500
cu. m.

[0197] FIG. 12A shows a detailed view of the respective outlets 1084,1094 of the
first and second fluid passages 1080, 1080. Once the various components are
correctly assembled, the outlet 1094 of the second fluid passage 1090 is defined

between the second ends 1052, 1042 of the plug 1050 and funnel 1030. The outlet
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1084 of the first fluid passage 1080 is defined between the second end 1042 of the
funnel 1030 and the inner surface 1078 of the lip 1076.

[0198] The way and means in which a mist is generated by the apparatus will
now be described with particular reference to Figures 11, 12A and 12B. Initially,
supplies of first and second fluids are connected to the respective first and second
fluid inlets 1018, 1020 of the atomizer 1000. The first fluid, also known as the
working fluid, is a liquid fire fighting agent, preferably water. The liquid is preferably
infroduced at a mass flow rate of between 4 kg/min and 20 kg/min at the first fluid
inlet 1018. The liquid passes through the first fluid passage 1080 which narrows
considerably in the direction of its outlet 1084 to define a working nozzle. As a result
of this narrow gap at the outlet 1084, the liquid ejects out of the outlet 1084 as a thin
annulus of liquid, initially following a path represented in FIG. 12A by the dotted line
1200. The initial path of the liquid 1200 from the outlet 1084 of the first passage
1080 is substantially parallel fo the inner surface 1078 of the lip 1076.

[0199] The second fluid, also known as the transport or carrier fluid, is preferably
a gas such as compressed air, nitrogen or helium, for example. The gés is
preferably introduced to the second fluid inlet 1020 at a pressure of between 4 bar
and 18 bar for passage through the second fluid passage 1090 for ejection from the
outlet 1094 to define a transport nozzle. Due to the reduction and subsequent
increase in the cross sectional area of the second fluid passage 1090 between its
inlet 1047, throat 1092 and outlet 1094, the gas entering the inlet 1047 is accelerated
to a high, possibly even supersonic, velocity as it exits the outlet 1094. The gas
may be discharged at a mass flow rate of between 2 kg/min and 6 kg/min.

[0200] The angle of the second fluid passage 1090 is such that the accelerated

second fluid stream, whose initial trajectory is shown as dotted line 1220 in FIG. 12A,
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exits the outlet 1094 and interacts with the annulus of liquid issuing from the outlet
1084. The angle of incidence between the liquid and the gas streams 1200, 1220 is
shown in FIG. 12A as angle a.

[0261] With reference to FIGs. 12A and 12B, an equivalent angle of expansion
for the second passage 1090 as it expands between the throat 1092 and the outlet
1094 may be calculated. In particular, FIG. 12B shows schematically how this
equivalent angle of expansion for the second fluid passage can be calculated when
the cross sectional areas of the throat and outlet, and the equivalent path distance
between the throat and outlet are known. E1 is the radius of a circle having the
same cross sectional area as the throat of the second fluid passage. E2 is the
radius of a circle having the same cross sectional area as the outlet of the second.
fluid passage. The distance d is the equivalent path distance between the throat and
the outlet. An angle B is calculated by drawing a line through the top of E2 and E1
which intersects a continuation of the equivalent distance line d. This angle § can
either be measured from a scale drawing or else calculated from trigonometry using
the radii E1, E2 and the distance d. The equivalent angle of expansion for the
second fluid passage can then be calculated by multiplying the angle B by a factor of
two, where y=2p.

[0202] For optimum performance of the apparatus, it has been found that the
cross sectional area of the throat portion 1092 of the second fluid passage 1080
should preferably be between 20 mm? and 35 mm2 The cross sectional area at the
outlet 1094 of the second fluid passage may be between 1.1 and 28 times larger
than that of the throat portion 1092, such that the area ratio between the throat 1092
and outlet 1094 of the second fluid passage 1090 may be between 10:11 and 1:28.
The cross sectional area at the outlet 1094 of the second fluid passage may most
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HUTBT N ion thit the area atio betwoen tha throat 1062 and dutlet 1094 of the second fluid
passage 1090 is therefore most preferably between 5:7 and 2:11. This increase in
cross sectional area between the throat portion 1092 and outlet 1094 creates an
equivalent included angle of expansion for the second fluid passage 1080 of
between 1 and 40 degrees, and an angle which is most preferably between 2 and 13
degrees. Furthermore, the cross sectional area of the second fluid passage outlet
1094 may be between 0.3 and 12 times larger than the cross sectional area of the
first fluid passage outlet 1084, such that the area ratio between the first fluid outlet
1084 and second fluid outlet 1094 is therefore between 10:3 and 1:12. The cross
sectional area of the second fluid passage outlet 1094 is most preferably between 1
and 6 times larger than the cross sectional area of the first fluid passage outlet 1084,
such that the area ratio between the first fluid outiet 1084 and second fluid outlet
1084 is therefore most preferably between 1:1 and 1:6.
[0203] The stream of gas 1220 coming into contact with the stream of liquid 1200
causes shear stripping of droplets from the annulus of liquid 1200 due to Kelvin-
Helmholtz and Raleigh-Taylor instabilities on the first fluid surface. These
instabilities cause ligaments of the liquid to break off from the annulus and form a
dispersed droplet flow regime of the liquid and gas. In other words, a dispersed
phase of the first fluid droplets is dispersed in a continuous phase of the second
fluid. As the droplets are torn from the liquid stream 1200 they are accelerated by
the gas, causing further shear break-up. Where the gas exits the outlet 1084 at a
supersonic velacity, a supersonic shockwave may be created distal of the apparatus
which may be beneficial to the atomization mechanism. The shockwave is created

as the gas transitions from supersonic to subsonic speed. The shockwave is created
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velocity of the gas generating numerous unsteady vortices and a swirling of the gas.
The turbulent region 1240 applies acceleration and deceleration forces on the
droplets of the liquid, leading to a further atomization of the droplets being carried by
the second fluid. This atomization mechanism can be controlied by, amongst other
things, controlling the momentum flux ratio between the first and second fluids.

[0205}  The momentum flux ratioc M is defined by the equation

2
ME pSXUSZ
. prxUs

where p = Fluid density

U = Fluid velocity

s represents second fluid (gas)

f represents first fluid (liguid)
[0206] Thus, the momentum flux ratio between the liquid and gas can be
controlled by varying the density or velocity of the fluids. The velocity can be varied
by adjusting the feed pressure while the density can be varied by changing the
temperature of the fluid.
[0207] As most clearly shown in FIG. 12A, the liquid and gas streams 1200, 1220
issuing from their respective outlets 1084, 1094 are angled relative to one another at
an angle of incidence a. The angle of incidence a is the angle between the initial
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trajectories of the streams 1200, 1220, shown as dotted lines in FIG. 12A. These
initial trajectories are dictated by the inner wall 1043 of the first fluid passage 1080
and the outer wall 1045 of the second fluid passage 1090 at their respective outlets
1084, 1084. Thus, to obtain an angie of incidence in a desired range, the angle
between these passage walls 1043, 1045 at the first and second fluid outlets 1084,
1094 should be in the same range. In the embodiment illustrated, both the inner first
passage wall 1043 and outer second passage wall 1045 are defined by the funnel
1030, as best seen in FIG. 14. Referring again to FIG. 12A, the angle of incidence a
causes the second fluid stream 122 to impinge on the annulus forming the first fluid
stream 120. The angle of incidence a is less than 90 degrees, and preferably
between 5 and 30 degrees. Most preferably, the angle of incidence a is between 10
and 20 degrees.

[0208] The atomizers 1000, 1000’ and 1000” of FIGS. 11, 17 and 18 provide
means for atomizing a first fluid with a second fluid.  In particular, each of the
atomizers include first and second fluid passages 1080, 1090 each defining a fluid
path and volume to discharge, engage and mix a stream of a liquid with a high
velocity gas for atomization of the liquid stream for generation and distribution of a
mist. However, alternative means can be provided to produce and engage a liquid
stream and high velocity gas to atomize and disperse the liquid as a mist. In view of
the atomizers described herein, known mist generating devices could be modified to
discharge a liquid annulus from one fluid passage and accelerate and discharge an
inert gas from another fluid passage to atomize the liquid annulus for generation and
distribution of a liquid mist in an enclosed space to be protected, and thus provide a

means for atomizing a first fluid with a second fluid.
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[0209] Referring again to FIG. 11, the inner surface 1078 of the lip 1076 of cover
1070 ensures that larger droplets torn from the first fluid stream 1200 that could be
projected away from the longitudinal axis L of the apparatus by the second fluid
stream 1220 are prevented from doing so to provide for-mixing of the liquid and the
gas in the chamber of the lip 1076. Furthermore, droplets held against the inner
surface 1078 of the lip 1076 are more easily atomized as they are subject to both the
force of the second fluid and the friction forces from the inner surface 1078.

[0210] The atomization mechanism of the present invention is capable of
atomizing the liquid into a mist in which a large proportion, preferably greater than
80% of the droplets, range in size from about 1 micron to about 10 microns and
more preferably ranging from about 1 micron fo about 5§ microns. Shown in FIG. 22,
for purposes of illustration is a cumulative frequency size distribution of the droplets
in the mist produced by a preferred atomizer. According to the plot, the mist includes
a distribution of droplets in which more than 90% have a droplet size ranging
between 1 to 10 microns in diameter. The discharging gas and annulus of liquid
together preferably define a substantially conical mist spray pattern. Referring to
FIG. 20, the mist spray pattern for a preferred atomizer is illustrated in a side cross-
sectional view. The perimeter of the mist spray pattern define the cross-sectional
area defines an included angle A of about 15° degrees (+2°) with the central axis of
the atomizer, and therefore included angle of 2A about 30° degrees (+2°) between
the perimeter of the spray pattern defining the conical shape of the mist.

[0211] It has been determined that the conical spray pattern is substantially fully
developed at an axial distance DZ of about 1.1 m. (42 inches) from the discharge
end of the atomizer and more preferably fully developed at an axial distance DZ of

about 1.6 m. (64 inches) from the discharge end of the atomizer. By “substantially
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fully developed” it is understood that the conical spray pattern has maximized its
radial distance from the central axis of the atomizer so as to find an end circle of the
conical spray pattern having a diameter D1A of about 0.6 m. (24 inches) at the axial
distance of about 1.1 m. {42 inches) from the atomizer, and more preferably having a
diameter D1A of about 0.9 m. (36 inches) at the axial distance of about 1.6 m. (64
inches) from the atomizer.

[0212] For the atomizing device 1000 shown in FIG. 11, applicants supplied a
flow of water at 11.3 Ipm (3 gpm) with a supply of nitrogen gas at 6.9 bar (100 psi.)
The resultant mist spray pattern was observed against a black background and
photographed. Shape and included angles of the mist spray pattern is calculated
based upon the scale relationship between the photograph and an actual
dimensioned feature of the atomizer. For example, where the discharge end of the
atomizer has a diameter of about 40 mm. (1.57 inches) and in the photograph has a
diameter of about 5.9 mm. (0.232 inches) to define a photo scale factor of about
6.75.

[0213] The components of the atomizer 1000 will be described in greater detail.

" Referring to FIGS. 13 is a longitudinal section view through the base 1012. As noted

above, the base 1012 is generally circular and has a rear face 1014, a front face
1016 and first and second fluid inlet passages 1018, 1020 adapted to receive the
first and second fluids from their respective sources (not shown). Each of the fiuid
inlet passages 1018, 1020 is substantially parallel with the longitudinal axis L of the
apparatus, Each fluid inlet passage 1018, 1020 has an internal thread adapted to
receive the external thread of respective fluid supply pipes (not shown). Extending
longitudinally through the centre of the base 1012 is the bore 1017. Referring to
FIG. 13A, the bore 1017 has a generally triangular-shaped recess 1019 opening on
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the rear face 1014 of the base 1012. The base 1012 includes a radially extending
flange portion 1015 and an axially projecting annuiar projection 1022 which projects
forwards from the front face 1016. A plurality of circumfe}entially spaced apertures
1021 extend longitudinally through the flange portion 1015. The annular projection
1022 has an inner surface 1024 and an outer surface 1026, The outer surface 1026
contains a groove 1027 in which an O-ring seal 1028 is located.

[0214] FIG. 14 shows the funnel 1030 as a projecting member preferably formed
as a single piece having a radially extending flange portion 1032 and an axially
projecting body portion 1034. The body portion 1034 has an outer surface 1037. An
annular lip portion 1031 extends rearwards from the flange portion 1032 and defines
an outer surface 1033. The Olllter surface 1033 contains a groove 1035 in which an
O-ring seal 1036 is located. The flange portion 1032 is annular and extends around
the entire circumference of the projecting member 1030. Defined within the flange
portion 1032 are a first fluid passage 1038 and an inspection port 1039.

[0215]  As described above, the funnel 1030 has a first end 1044 and a second
end 1042 and a bore 1048 extending longitudinally through the funnel 1030 from the
first end 1044 to the second end 1042. The bore 1046 has the inlet 1047 at the first
end 1044, the outlet 1048 at the second end 1042, and the throat portion 1049
intermediate the inlet 1047 and outlet 1048. The bore 1046 may have an axial
length of between 52mm and 55mm. At the inlet 1047 the bore 1046 has a diameter
D1 which may be between 53mm and 59mm. At the throat portion 1049 the
diameter of the bore 1046 is D2 which may be between 7.5mm and 13mm, and at
the outlet 1048 the diameter of the bore is D3 which may be between 30mm and
34mm. The diameter D1 at the inlet 1047 is greater than the diameter D2 or D3,

whilst the diameter D2 at the throat portion 1049 is less than the diameters D1 and
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D3. As a result, the bore 1046 narrows from its widest point at the inlet 1047 to a
narrow diameter at the throat portion 1049 before widening again until it reaches the
outlet 1048.

[0216] FIG. 15 shows the plug 1050 forming a further part of the mist-generating
apparatus. As described generally above, the plug 1050 is an elongate member
having a first end 1051 and a second end 1052. The piug 1050 has a first generally
cylindrical portion 1053 and a second conical portion 1055 extending from, and
preferably integrally formed with, the cylindrical portion 1053. More preferably, part
of the cylindrical portion 1053 adjacent the first end 1051 is provided with an external
thread 1054. The conical portion 1055 is in the shape of an inveried cone, with the
narrowest point of the cone adjacent the cylindrical portion 1053 and the widest point
of the cone at the second end 1052 of the plug 1050. The conical portion 1055 has
a smallest diameter D4 adjacent the cylindrical portion 10563 and a largest diamster
D$ at the second end 1052 of the plug 1050. The cylindrical portion 1053 has first
and second grooves 1056, 1058 longitudinally spaced from one another and
extending around the circumference of the cylindrical portion 1053. The first groove
1056 is a thread relief groove co-operating with the external thread 1054. Also
formed partl way along the cylindrical portion 1053 is a radially projecting lip 1060,
which defines an abutment surface 1062 facing towards the first end 1051 of the
plug 1050. The second groove 1058 holds an O-ring seal 1057. A further groove
1059 is provided in the cylindrical portion 1053 of the plug 1050 adjacent the first end
1051.

[0217] The second end 1052 of the plug 1050, which is also the widest part of

the conical portion 1055, has an end face which is concave. Thus, a dish-shaped

-86-



(12. 8)

(AQUAM ST 0 from TYCOFI RE PRODUCTS LP)

WO 2009/061471 PCTE/US2008/012571

cavity 1064 is formed in the second end face of the plug 1050. The end face of the
second end 1052 also includes a pair of locating holes 1061.

[0218] FIG. 16 shows the cover 1070 forming part of the mist-generating
apparatus. The cover 1070 is preferably generally dome-shaped, having a first end
1072 of larger diameter than a second end 1074. Projecting axially from the second
end 1074 of the cover 1070 is an annular lip 1076. The lip 1076 has an internal
surface 1078 which defines a bore of substantially constant diameter. In other
words, the lip 1076 has internal walls which are substantially parallel when viewed in
vertical cross-section, such as here in FIG. 16. The cover 1070 has a first section
adjacent the first end 1072 which has a first inner surface 1073 of substantially
constant diameter. lLocated in the first end 1072 of the cover 1070 at
circumferentially spaced intervals are a plurality of axially extending threaded holes
1088. A second section of the cover 1070 extending between the first section and
the lip 1076 has a second inner surface 1075. The portion of the second section
adjoining the first section has a smaller diameter than that of the first section, such
that a rearward facing abutment 1071 is defined between the first and second
sections of the cover 1070. The diameter of the second section reduces in the
direction of the second end 1074. In other words, the second inner surface 1075
tapers inwardly from the abutment 1071 until it reaches the internal surface 1078 of
the lip 1076. Thus, the second inner surface 1075 has a smooth inwardly curving
profile as it progresses towards the second end 1074, with no steps or angles
present on the inner surface 1075.

[0219] The manner in which the mist-generating apparatus, generally designated
1000, is assembled will now be described with particular reference to FIGS. 11 and
11A. Firstly, each of the components shown in FIGS. 13-16 is formed from a
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face 1014, a front face 1016 and first and second fluid inlet

passag@tqoamacgomsaaéﬁwe@nn@! i ded | beingspided byIthe inner suface 1824 of

gas fromtheir respective fluid supply sources (not shown). Each of -

t he fl uhd ammuétr praeshored 0221 6ntil 16Q Oearsfase of thae flangé popional 032 abwitstthe

the longitudinal axis L of the apparatus. Extending |ongitudinally

t hr oughsurfageosfrthe analilar peojeatien 1022 MhecDbinyesebD 1036 located in the groove
1035 on the outer surface 1033 ensures a sealing fit between the two components.
When the base 1012 and funnel 1030 are correctly positioned, the first fluid inlet
passage 1018 of the base 1012 and first fluid passage 1038 of the funne! are aligned
and capable of fluid communication with one ancther. Furthermore, the inlet 1047 of
the funnel bore 1048 and the second fluid inlet passage 1020 of the base 1012 are
now in fluid communication with one another as well. Once the base 1012 and
funnel 1030 have been correctly coriented with respect to one another, a temporary
locking ring (not shown) is secured over the flange portion 1032 of the funnel 1030
such that the base 1012 and funnel 1030 are locked together.
[0220] Once the base 1012 and funnel 1030 are temporarily locked together, the
plug 1050 can be introduced, firstly via the bore 1046 of the funnel 1030 and then
the bore 1017 of the base 1012. As best seen in FIG. 13A, a locking nut 1102 is
inserted into the recess 1019. As the plug 1050 is inserted through the bores
1046,1017 it is rotated by a suitable tool (not shown) which locates in the locating
holes 1061. As the plug 1050 is rotated the threaded surface 1054 of the plug 1050
marries with the internal thread of the locking nut 1102. The outer faces of the nut
1020 contact the inner surfaces of the triangular recess 1019 such that the recess
1019 prevents the nut 1020 from rotating as the first end 1051 and threaded surface
1054 of the plug 1050 are threaded through. The‘lip 1060 of the plug 1050 has a
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[0192] The funnel 1030 is engaged with the base 1012 so that the base
1012 and the funnel 1030 are concentrically di sposed about the

| ongi tudinal axis L. The funnel 1030 has a first end 1044, a second
end 1042 avol2@9bemm 1046 extending -74- WO PCT/US2008/012571
2009/ 061471PCT/ US2008/ 012571 | ongi tudi nal ly through the funnel 1030
fromthe first end 1044 to the second end 1042 to geperal ly defi

t he sedafgerdiametepianihe bargd O17hLyseguentis anss the, aPHi"&ﬁ"tfelﬂf?C%B%@ﬁe
first end 1044, an outlet 1048 at the second end 1042, and _a throat
por ti orPf1tbadlin 1080 mammen inte rentant with they basel 1018, &e piug 109® cannot ke
inlet 1047 the bore 1046 has a dianeter D1, at the throat portion
1049 t Hbragidedeary fusther Hwoboh éhe 0061020.1 8¢ thiameint: avashenrlDd® andsiralipe
di anmeter of the bore is D3. The diameter D1 at the inlet 1047 is

gr eat er1Qthare fittezl Wi thedirstrer®1 @61 6fthewtig $05¢ ke thhtdhe nat 1020 aanndtevork
throat portion 1049 is less than the dianeters D1 and D3. As a

resul t ,itselfdodsy. eTHS 4bclipat 08 Wk atesdmthé grodveeisonmovidedtat theefilstead 10847
to a narrow di aneter at the throat portion 1049 before w deni ng again

until idf thephitpsoshe TR fing He4P 10T fochtstnil thé QfndricaP peftRNATAB of the

formed as a single piece menber having a radially extending flange

portiorp%ggsﬁ@%safésaa*éééun?ﬁra'ce dm_a%m@@afnar BEMo e body

portion as an outer 1037 annul a I'p portion 1031

passagd TB0 afd AR REbeReToN Pt 1020 F0183) Pithe e g1 Ry«
ol g 10segaeca Bl the bits 717 M8 FoltH duribl gﬁ%@@&%ﬁﬁlﬁgf’?’@i&ﬁd
i U, e ik o SAb5E DR 2bbplel 0o Exgs ot Higuinhel 636

smal | est di anet er .adjacent the cylindrjcal portion 1053 and it

| ar gest %W@ﬁ%dggé@"étfr%‘fgé@&%‘% Brel% gnd pyier ﬁpﬁgcqggtb_e FgH% @ﬁgg
1050 is engaged with the base 1012 such that the conical portion 1055
of the MW gehnze sseond Huidl Rassage d0BPot r usi on di sposed in the bore
1046 of the funnel 1030. Mre specifically, the inner surface of the
bore 1008828hd danes thauplugc 0% hﬁﬁd)%nu@(ei%mﬂ'@ebasrﬁeﬁ, preeinspeeiipn port
configuration of the second fluid passage 1090. WO

2009/ 0610681 PAT/HeSREOB 10 TRSFWIrE Cho Axaledistanee bEduFenfthe Hep fsurface didhe
1046 acts as the inlet of the second fluid passage 1090. The second
flui d peesdayeprbfe@tion 1OPRemd thel rethete aetdimbendgp 042, did5208 2ha djrase 030
the throat 1049 of the bore 1046 of the funnel, and an outlet 1094
adj acendnd plagr t050e CThis @nsareiiatihdshad4 #0121 @5rhed 1 080 @ndyiing 11050 e amd
plug 1050. As a result of the previously nentioned variations in the

di anmet eéorrﬁctlyhgoﬁﬂbﬁedor‘é@at%d td Nen@UANRREr. t aper tef shh® apRe Cdheasuring
portion 1055 of the plug 1050, the second fluid passage 1090 has a

conver ga&afbMer &ffﬂbeid%bﬁrta%heﬁﬁ%ggp'beme%g? g%%ﬂ%s@ BAd Iu% 61880

cross-sectional area of the throat tion e passagde

is con .ﬁiﬁﬁ?@ﬁﬁs ﬁ@éécﬁﬁdtﬂnﬁﬁpé&% eqfogb_ e inlet 1047 and the outl et

h
1094. e cross sectional area of the passage 1090 at the outlet 1094
is prefghLghdy . Lon, 109 S
than « Hoe23} ¥, et fle, gl e By peSiebBngRneBRE bl et fampléed e
passage 1090 from.inl.et 1047 to outl et 1094 about , 900 cu.
- ander oy S b 670 bhaehedit shd sopigced indhe B8YRA1G7Y, Yo fiver
25. 500 cm (1 56 cu, in ). [0195] The cover 1070 is axially placed
on the ﬁo?éelslﬁé’vsia’éﬁe@ ﬁ&tth@r@%%ﬁ Suchy Fiah o AOHITPC1 Q7 1 FORAEES the
ot her conponents about the axis L. The cover 1070 is generally
done- sHigneE, PooNntP32 of the fusing! 1630, and ithe gevedisatheneeonceatiicawibdbad
end 1074. Projecting axially fromthe second end 1074 of the cover
1070 i sother eeRBPRENts japd 107 @xisHef Thisisagdwichesthe Aange pertionpl 002 :tiveens

the base 1012 and cover 1070, holding the base 1012 and funnel 1030 against one
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-77- WD 2009/ 061471PCUUS2008/ 012571 1084 of the first fluid passage
1080 is defined between the second end 1042 of the funnel 1030 and
the inner surface 1078 of the lip 1076. [0198] The way and neans in
whi ch a nived 2008/0¢)emier at ed by t he apparatus will now berdessiogmdsai t h
particular reference to Figures 11, 12A and 12B. Initially, supplies
of first and second fluids are connected to the respective first and
second 3nather.i At gessamedime,ope @fringheeal 1688 Ansunesoa sealieg fit betwaanihe,
al so known as the working fluid, is aliquid fire fighting agent,

pr ef er dtAse 112 and Tover ﬂgm.d The gover 06! Iy aligned aitbciedhase kS so Ithat
rate of between 4 kg/mn and 20 kg/mn at the first fluid inlet 1018.
The | i dfbiedthpeestess apantunegh188e afign stithf thel dperagea gl210B0thehbase rdr2owd
considerably in the direction of its outlet 1084 to define a working
nozzl e.pldlity obfixihy sefewdild80aire ahegaighiinetinatoothe BredddMapdiereli 1088d
ejects out of the outlet 1084 as a thin annulus of liquid, initially

f ol | owi vig tife BpbRUFERPTESBER e BddeH (32, 18AcHh BEreda! 1 8D éi@ﬁx!i#%@ﬂten&e
initial path of the liquid 1200 fromthe outlet 1084 of the first

PRS0 0Bk r 4 806! DB LR LA i KO3 NSRS o
carrier b"c“"“?“g””“'i%ﬁ%%e{ With if@Pnal Yhibads #grﬂl?%cﬁﬁﬁﬁ%égidB éﬂ%hégng%{&e

or helium for e ) e gas I's preferab

acsage 41 2uoR Fre’ LE1a R aRaifS A EnfaralBoF By o ndiing Sehfor

outlet 1094 to define a transport nozzle. Due to the reduction and
subseqd t increase in the cross sectional area of the second fluid

passag between its in 47, throat 1092 and outlet 1094, the
gas enﬁ@%gaﬁ t H%S ?ﬁ?rétbe%ﬁ"?lzfé- igfc‘é'i"@r ﬂteeﬁo‘{eé W70 igreucsessibly yittedethe
supersonic, velocity as it exits the outlet 1094. The gas nay be
di Scharesand ngeraYTace dN7Balcher cOEMARHD anfl dhri ovtein aukaGey IRBA, of the
[ 0200] The angl e of the second fluid passage 1090 is such that the
accel erfuneel 363 niefine A drsitfiudipasengs d 08Ai having enainledt K182 ard stronutlets
dotted line 1220 in FIG 12A, -78- WD 20091061471PCT/ US2008/ 012571
exits tHBdouTheinla0tLB2isdnifiuic cammuinidationtwith therfirbUuidfintet §@1& and first
issuing fromthe outlet 1084. The angle of incidence between the

| i qui d fanid pabsagga$038.r Basso 12D OontbBR0of the Showmd inmeFkGfad2A0Z2S and @ueer
a. [0201]Wth reference to FIGs. 12A and 12B, an equival ent angl e of

expansisurfdgcer 1082 thecfird fuidSpassaeo008s hds expivrigeriaioneeryehbenternal
throat 1092 and the outlet 1094 nmay be calculated. In particular,

FIG 12fkcmetne I8N&RBE Wordd, YihBow oS stcEia\Vae8nsi 3NsHrfoPlof aKOARSE Alid
for the second fluid passage can be cal cul ated when the cross

secti Ofﬁéssé?éaﬁ)%finféiﬁtehfﬁ@%e fHick ﬂ?ﬁz‘ shd oﬁﬂ@t ! %%¥@r?ﬁén Bross

di stance between the throat and outlet are known. EITis the radius of

a circlgdhgNangehRt eRAGEHE"iIRR 15@@&; Bt Rfga2 'I?fﬁ 6e|16 s Egétgo?{arllgf'eséagngthe

second fluid passage. E2 Is the radius of a cCi avin

i ot andiet IR badlaih, K0ud ModsRbi e iEs YoRMHR ) B REARRS aekEh
of E2. 2 RakPulS b or B IS at¥ed 3B e wRE 1DBR Al G0k

di stance |i d...This angle 13 can either be measured froma scale

dr awi nd t JPOLO0F Y. dPiE Nt T MgEmBraterably etwgen Hd 9009 ¢u.mm. gpd
and the di stance d. The equival ent angle of expansion for the second
fluid pels2CedA™ hen be cal cul ated by nultiplying the angle 13 by a
factor of two, where y=213. [0202] For optinmum performance of the
appar atld325} ¢ e %b%r afdhadtemizer 11880dp genesatetd ovst) asdeacriied Above,
throat portion 1092 of the second fluid passage 1090 should

pr ef er dvNGhthenprafersed Zgoptelsizedligibutich foFitbe qrefesredagstenflalv mtes aat

low gas pressures is believed to be a function of the geometry of the first and second
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and outlet 1094 of the second fluid passage 1090 nay be between 10:11
and 1:28. The cross sectional area at the outlet 1094 of the second
fluid passage nmay nost -79- WD 2009/ 061471PCT/ US2008/ 012571

pr ef er abl Whaiopediwen 1.4 and 5.5 tines |arger than thBET/G$2008182571
throat portion 1092, such that the area rati o bet ween the throat 1092

and out) et 1094 of_ the e 0 i e

pr ef er d4fd,P %%?%énm\ﬂ)?@ﬁ@ gﬂ'ﬁab'h‘ﬁ Ogah ?ﬁ?'ég g Tonm ?Peog‘és'?éﬁh"bﬂﬁ?mus
area between the throat portion 1092 and qutlet 1094 creates, an

equi vali®ed fungien @i dha fiptelivd rassagei 1980 oPhewa iBddGad % mﬂ%ﬁ%%%&a@%ﬁ
1090 of between 1 and 40 degrees, and an angle which is

pr ef er seCjonsltviews of thefiest figiciBow pessage i 0BRr Hibtea)rofrlﬁeofdh@@@sgm 1888l
area of the second fluid passage outlet 1094 nay be between 0.3 and
12 ti ne=nl ke gefinedby 4 baner thes is aciunctival ohtheathoée chiticdliareas:f fijuthe inlet
passage outlet 1084, such that the area ratio between the first fluid

out | et at@8A hatltheinetdarebudfdtheypdsstage OB} gii)ttheraftiet ardse NBeainthtOoRlet
and 1:12. The cross sectional area of the second fluid passage outl et

1094 | areRF tis phesRfel YOS® taREdi) kha nthdmuPterhRidie dr8a A3t baweeathe
sectional area of the first fluid passage outlet 1084, such that the

area r aflePaRsf Aeehd e dutledtardd ARJ EAHH @FthéQﬁﬂcﬁl@eﬁ@@ﬂnﬂﬂ |A3 define a
outlet 1094 is therefore nost preferably between 1:1 and 1:

[ 0203] E?l%%ﬁ'rg fPéuI Iaﬁre]azggaﬁé’llwngﬁg?ﬁép Qttﬁgtcéﬂtﬂai‘ﬂhﬂepéﬂ'urﬁﬁ@f%e

liquid essear stri ts fromthe annul us of

i qui d L2000 0Beho el b Aelasald Ksad Eﬁgr%wfrzm AP HIoph e

on the urd ‘surtace. These i1 ns Ies cause anents o
liquidt from nnu nd form [ ef g .;
1 aw r REE P 2 Rl PRh e B8 L*%ﬁ%%%%%ﬂ?ﬁ‘iﬁ&aiﬁ’eé’ sebPritu
of the f|r t f|UId%]g opl ets isﬁ& ){)dgé%ed in a continuous phase of the
second PAW, t?ta'ﬁse't | HEEs fromthe liquid stream 1200
they are _accel erated by the g}e&‘ causi ng further shear

Wher e tﬂp%s éJﬁ“ﬂ%ﬂiqr\éaQJUPT sal greas, ﬁlbe‘?‘%@ﬁpdaﬁeﬁhﬁc?’i%ma&ate of

super soni ¢ shockwave may be created distal of the apparatus which nmay
be bené&fiappgl int @diihEomst Bhe Ateade WecRax; @%ﬁcqﬂec@h@@kdat@émnr@dcb)édh@w

as the gas transitions from supersonic to subsonic speed. The
shockwdugonametrigaradatiorghip. Whhe oggilliottreesreTirow? os/ ioleR sareaad 1t ke the
point of transition from supersonic to subsonic speed. In this
i nst andetermidiate asta ARuilnl thes plafetréc embiodmarddtheyeqUieaishicrkad\Risdargene
poi nt of transition.
than A1 by a factor of between 1 to 50, is preferably between 1 to 5 and is more
preferably about 1 to 1.5, so as to define a preferable angular change between the
radii from A1 to A2 of about 83° degrees (82.7°). The radii increases from the outlet
area A3 to the intermediate area A2. In the preferred embodiment, the equivalent
area A2 is larger than A1 by a factor of between 50 to 400, preferably 100 to 300,
and more preferably 270 to 280, so as to define an angular change between the radii
from A3 to A1 of about 84° degrees (83.6°).
[0227] The profile of the passage 1080 is preferably smooth. Smoothness can
be defined as the angular spacing between adjacent discrete segments which can

approximate the surface profile. Referring to FIG. 19A, shown is a detailed view of
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[ 0204] The gas creates a turbulent region 1240 as it noves away from
t he apparatus and i nduces |ow velocity currents capabl e of
transporting the droplets of first fluid preferably through the
surroundi np ZppEea4s7ipreferably in a honobgenous manner. BeA/BS20087dIed7€Nt
region 1240 is caused by rapid changes in the pressure and velocity
of the gas generating numerou teady vortices and a swrling, of

t he gas!ge'ﬂ?gl ﬁfefilﬁd?féﬁ? paé'gm?@@@gaﬁsﬁn &Olﬁﬁfb‘éﬁ’ é}tgtdﬂ%ﬁetﬁrﬁ?gme%ts and
decel eration forces on the droplets of the liquid, | eading to a

f ur t herthetangle af cbangs belveen sprlessymenhils BeapuEd. bhe kiisaseleospgments
fluid. This atom zation nmechani smcan be controll ed by, anongst other
t hi ngs,are@achabaubd pereemtoofethe divid path FRldngthetrweeurfiahe profilg tis amgoth,
second fluids. [0205] The nonentum flux ratio Mis defined by the
equat i dhen there ixla s&)3dll pnyllar ehpnge Framdonke rseigment) to Fleuindxly dlavingt
s represents second fluid (gas) f represents first fluid (liquid)

[ 0206] Thagimunh ehangee of ubbit 30°, pedfembhed wedimutreof 45/ iedenmibreqaefsrablye
controlled by varying the density or velocity of the fluids. The

vel oci ty nfeofosey apd 6l géy edélh Widré Wefehubif R4 tREE SDUdEyrebs.| &n cbatrast, if

density can be varied by changing the tenperature of the fluid.

[ 0207] "@%fo@%t aCdi e yst%??ﬁ’&h%”pr%ﬁl@, tHer \thd aﬁ?blbﬂ%hgngt,é‘(?slggﬁatéﬁr 98 he

1200, 1 I'ssuing Tro respective outTets 108 ar'e
| ed ' cO :
of i niAieteRted Emb B iy TS eho Rlzcfr B e cinitel RAHIE ¥ gl patBfiod 106G

2009/ 0 71PCT/ 0 ralectar i 0. r

chown JESATTRMRAT B Rigade BRE E Rk B bafeEh, R tioght e
di ctated t he inner wall 43 of e first flui as e 1080 ,and
the ourriafal P 1t aseagne G dafiad st Einet cslithB "8 B qeper ‘s
respective outlets 1084, 1094. Thus, to obtain a ngl f_incidence
| GeBHYIEnim ZRguler CREhaR ebveRR ABIBGeTH SR BS A GDOUARTS DESHSES. 1 4 78
at the first and second fluid outlets 1084, 1094 should be in the
same rawg@ce af thes paptrER 80 definest pbyitbe, owst surfgee | ¢intie fynngl has a
passage wal |l 1043 and outer second passage wall 1045 are defined by
t he furmeximogangaler peangesketween adjagent saegrenisrafiabgubg AP Pegeees. G
12A, the angle of incidence a causes the second fluid stream 122 to
i mpi ngef0288} he Retnuling agamin§lGhé1f onsa tHd vadost cempoaits arkecarrapitly
of incidence a is less than 90 degrees, and preferably between 5 and
30 degrassembiedttheoetier 8084 of theeseabod duinl passagddiido isdefindbbemerenite
and 20 degrees. [0208] The atom zers 1000, 1000' and 1000" of FIGS.
11, 17 ssedndSr@sol05de 108ans the piug 005Q ang fanrdl rMeB0f | THedoutldth 84sefobiad
fluid.In particular, each of the atom zers include first and second

fluid presmagpatisdss 10800 aafitedBéivdicAdha skbbhdl eRatin4ans the Furrel 11030
di scharge, engage and mx a streamof a liquid wwth a high velocity

gas forgya ¢d irsdd SrRE 1018 éfitﬂélhg 1ggeam for generation and
] . a3

distribution of a mst. wever, alternative neans can be provided to
d Lo . . ’ .
Bnd i J2P8L°7 P indmalf ot AP df the Qlci a0 REbk A ICE0 18T TR

ner et g R e 0SB e o 08

A L T

Lo e s st adimensionad so Hatihe: fmnel ahd BISG occufy e 'Bore of the”
annular lip 1074” at the second end 1074" of the cover 1070”. The configuration of
the atomizer 1000 effectively eliminate the protruding lip by locating the first and

second fluid outlets 1084”, 1094 adjacent the second end 1074" of the cover 70".
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WD 2009/ 061471PCT/ US2008/ 012571 [ 0209] Referring again to FIG 11, the
i nner surface 1078 of the lip 1076 of cover 1070 ensures that | arger
droplets torn fromthe first fluid stream 1200 that coul d be
pr oj ect ed va0agosfoél@m t he | ongi tudi nal axis L of the appacwusmobiyizihe
second fluid stream 1220 are prevented from doing so to provide for.
m xi ng ﬁ’fgﬁb?e liquid and the gas in the chanmber of the lip 1076.
Furt her drioghessThand h@gishgw views jof Rapthe aitgsative gmbediment of 2
1076 are nore easily atom zed as they are subject to both _the force
of the Rési@eferatingapnadaturdn facrerdappe ithdbe pregent inkentione Thewaltesoative
1078. [0210] The atom zati on nechani smof the present invention is
capabl eembodinwentzofhthe lapphiajus,dgemeralia designated iiBI00h shdres ge number of
proportion, preferably greater than 80% of the droplets, range in
si ze froompboerts With thegretiousih descrifedembodisnan dintdtatemjzesfthe dipdtyfluid in
rangi ng fromabout 1 mcron to about 5 mcrons. Shown in FIG 22, for
pur pos ethetdarhé Ini@iriettdsoffedctibad cabbvb At Hawebdre tHecAkarnativee e HbDUIrh et dsus
of the droplets in the m st produced by a preferred atom zer.
Accor di figo tave'® nDhiler of ifffeFended AEMURBSIrat EnBbdiiutt] (i\ﬁbsﬁfndii"ceaﬂﬂ?t the
in which nore than 90% have a droplet size ranging between 1 to 10
M Cr onSgd i : i i |-k LU

R AENF gL O 107G Qi B0 IO tiRO . Y Sebond end

t oget her preferably y CO

oo e e B A 584 e T e
"nol uael T PEHE FRIGNE SEbplfperlofds T TRV auinly ol et
oo i M, 0 R
patter nthPsftUEU%[sizi?f]d’ ii%lF’P‘}“rPBIcﬁfﬁcﬂ\é\y‘élﬂlﬁ)gﬁs%f‘ 034 '%X(?d?””&#%’tqrﬁ?@"gﬁfc@ws

about 1,1 m (42 inches) fromthe discharge end of the atom zer and
mor e pr@obsheMp).f Additicrally isdenrciof Asingxsegured degetber by ssrewifixingsithe
m (64 inches) fromthe discharge end of the atom zer. By

"subst a¢avea| 100! bas anmiepn shestian e innesz00face 1233 1whigh| gpopervaies path'
it is understood that the conical spray pattern has maximzed its
radi al ah sxtetoal thread thdhe enderasurtaces @6’ hdéheabase A€M 250The dowef 1OAQ’
an end circle of the conical spray pattern having a dianeter Dl1A of
about Ocdh ther¢fdde bedheadedtontb¢habasd 101271 and euingiheudover 100’ (eddtive
inches) fromthe atom zer, and nore preferably having a di aneter D1A
of aboub theDbaze 1036’ WicAdisst the aixlze ditdride shtakan &t 8bvarbIOT0’ And bBth (HA
inches) fromthe atom zer. [0212] For the atom zing device 1000 shown

in Fl des;b1@11@|ah§§ﬁémr&@@bﬁ@(ﬁir@cﬂg@%&%d‘t@i@bﬁe @18 1 pm (3 gpm
with a supply of nitrogen gas at 6.9 bar (100 psi.) The resultant

1 st tt j i
m st spp2gipat tLg Qeé\@%egpﬁlelfl@dg@gﬁg(?ﬁst@l#mt ﬁgﬂ‘etﬁ%ﬁg%%’gg%g%@gptnedl in

phot ographed. Shape and i1 ncl ude es o m st spra

cal cul : L anspi t 0

ndan SR waps KPR HREaRR; SridtohbRl Ehay Bid Wil ctnB R REGRen

t he di f i L r_of t .4

(157 henaesnd 04 Rl of o Wined 108 BhEbare b onith, s ghe

0237 A R J50ATod bR st o 4N o B st ot

Phr ougrP RS 1514: Se iaduige \Bs ci-ymiaty o e BiSE fhishfor e e diaw raie

circular and has a rear face 1014, a front face 1016 and first and

second §ang@iten. n%@?%‘-ﬁ&s%fg&e ayabdistance hatwpee dhe soverctiR: andetheifupmnel

and second fluids fromtheir respective sources (not shown). Each of

the 1 ul@B0 srBberRdivsigdén thig embodircents theudygleof paijdotiopandl éxit velddity of
the first fluid can also be adjusted. Adjusting the axial position of the cover 1070’
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| ongi tudi nally through the centre of the base 1012 is the bore 1017.
Referring to FIG 13A, the bore 1017 has a generally

triangul ar-shaped recess 1019 opening on -84- WO

2009/ 0614 MPA@TPAB2008/ 012571 the rear face 1014 of thePONSS2088d2571The
base 1012 i ncl udes a radially extending fIange portion 1015 and an
aX|aIIy ectjn n 022 mh ects forward

Fr om t HETatB 16 tha dase 3" ahe Rl 100 5Adies P felRkvd FSel poSTidnl the
apertures 1021 extend Iongltudlnally t hrough the flange portion 1015.
The annsfeendgnsl E874 oif the soverat07th andribe segerdead 1§44 ahihefynpek 30,
surface 1026. The outer surface 1026 contains a groove 1027 in which
an 0- r i befhf ayhidlodefingtheoirat duld ouiet 1984’ GTheaditriment attheas semppogDis
as a projecting nenber preferably formed as a single piece having a
radi al | thesfomnalisoadjustsmtfe gap tsizerof 108 firstrftichoutieti 14184y and &jital tpathy 1808y
portion 1034. The body portion 1034 has an outer surface 1037. An
annul arofl the fpst fluid stré8dilase itteitd shioaghvbe disst ffluhottiet f084hgAs Eordsulinthe
1032 and defines an outer surface 1033. The outer surface 1033

cont ai Nmofe BHeEMRr HOFD' isNshBvER offb fhel hate SBE' tHRfore the MtRl @adth dhthe
fl ange portion 1032 is annular and extends around the entire

circunt QeenGE stleah!¢206'985h4 %nﬁéﬁtﬁiﬂé%@m mfdumaewom ke Ioh§itudinal
flange portion 1032 are a fiTs uid

passage 1038 and an |nspect|on

?§ZZ ;g a geggﬁ% %ﬂﬁﬁghyﬂgﬂdQQQ%%?gﬁ%@X%RQ&?@%ﬁQ?Qn ongltu cﬁé?ﬁ&g
AR D F?’h@@.'%'F@E”fdﬁﬂ%'x%?&ttﬁ%ﬁ’ %tﬁééﬁ'&ﬁ%&%g‘“?'ﬂﬂ”he
Ot or meiale St mioscRg 8 £9keer O n&s%le*“ oiddreRaP BohsR 8 st

1046 hasees it Bseainn ToHP. FE A IO BRIBA SAephvRioulsian OAF . TARE.

t hr oat ortlon 1049 the dlaneter of the bore 1046 is 02 which may be
bet weenl0238km ahte Piign 10800 imtihe naitesietive; embedirpent H?%rﬁat'@?g%fthﬁﬁded
bore is D3 mhlch may be between 30mm and 34mm The dianeter D1 at the
inl et 1Wq851@6*’eaﬁrernq Hawpartien imitinetits axial positivg rejpfivesto thedaseatRtr
D2 at the throat portion 1049 is |less than the diameters D1 and - 85-
WO 20097 10% bare bTT7 1o $xobase 1057 hag®n interaaltbeaadtwhichengages the4breaded
narrows fromits wdest point at the inlet 1047 to a narrow di aneter
at the surfazat 1094't ofothelfidg HE0r Asviadessulgthegakial positidn iof the gduged 068
outlet 1048. [0216]FI G 15 shows the plug 1050 form ng a further part
of the miativegenethat bage apPY ahing . thés othes Cinabe doprapvpieatd aabbieadjubted
plug 1050 is an el ongate nenber having a first end 1051 and a second

end 105g@epeHiingLpan IHEDAMbaAt tat tHeSﬁlugGIUQO’aiUs)tréW@d el tHeAbadeoTd 120N This

1053 and a second conical portion 1055 extending from and preferably

i nt egr ahky éi&fu@ﬂméf\ﬂmﬁdﬂh éh%é)ébb&@l:! e PEQéé I0A08853nd MUtRt 1094’ to be

preferably, part of e cylindrical portion™053 adjacent the first
end 105 erggqqg haXdi f ;
port i orcJuie® 2t fbﬁé"*s SOEEEE WY coR R e oiife TRt E Hmnet o0

W dest | “Bohiruigng, g cgﬁﬁ%ét*%t‘f%éeéﬂ%* G, at%sé&%?ts’tﬁé%%‘?at%@stwene
D4

ik hggtwag:‘m%“’%&t%@;@%ﬁggéta:ﬁtasta%gst% PR 16 B o

1052 T I I 105 I

second BIRRL T8y TIGH e ral Qe fiscBLGT RS BAs bR

ext endi ng .around the circunference of the cylindrical portion 1053.

The fi r&jchyingtibe 1368 faliobetween fhedirsk ang seserd itiste A€ the equivAleRte

external thread 1054. Also fornmed part way along the cylindrical
por t i on@naie Pfjexpansigg; afe| Withip dpe cangrp ﬁﬁ%mwovﬂhﬁdhc aut 18807308 fitted
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[0218] FIG 16 shows the cover 1070 form ng part of the ,

m st-generating apparatus. The cover 1070 is preferably generally
done-shaped, having a first end 1072 of |arger dianeter than a second
end 1074. wo mpwatidng axially fromthe second end 1074 pET/USRR0SHOST
1070 is an annular lip 1076. The lip 1076 has an internal surface
1078 which defines a bore _of substantially constant dianeter,

ot her Ryeadhe firgd andp! 0837 ©F fhg plugt b@%lp*’%qf@ﬂ R fhearear é%f'%‘i |%f| the
paral |l el when viewed in vertical cross-section, such as here in FIG
16. ThdasevéX12.070 has a first section adjacent the first end 1072
whi ch has a first inner surface 1073 of substantially constant

di anet d0233pcatTde presenkinventinn provides72 nist generaiing: app@atisawhich has a
circunferentially spaced intervals are a plurality of axially

ext endishtglé supplyechdnoiet forl€th ofthedirenand setorahfloitist Héhecsupply thaoneis
extendi ng between the first section and the |ip 1076 has a second

i nner  sdiefstibetahidy pdiatielpOitt tinloabittdigalsednoitthe epiparstug dherebyredutiag
first section has a smaller dianeter than that of the first section,

such t hpé sAppRaireasisted fﬁ@bﬂ@d Q@%ﬁﬁ?tthéﬂ@l@ls' HARd spglebaippReshdrirls for

first and second sections of the cover . The di anmeter of the

second ea! gkl iR substdifaflf b Fénbpgbog{se IdAGAERANGE T A Tdbocktus

ot her wor t he second 1 nner SU ace ers | nwar rom-t

sbut o AR e R 4 PR AR Gl
CUr v PR il PR %ﬁﬁf‘égﬁsfi@%@é}%%ﬁ%éaﬁghgﬁo

in which the ms ner at at us neraII 000,. i.s
s e BT WP Ao CUbE B eh BB R B P eP R GIE 1B N dof fugind
and 11A _Firstly, each of the conponents shown in FIGS 13-16 is
formed #%m a -87- WD 2009/ 061471PCT/ US2008/ 012571 sui tabl e
material, which is preferably stainless steel. In the first step of
assenbl[03341 he Hsparamedy10bthe tfivid passrges1e8d theirasesaectve puliesealso
onto the base 1012 so that the base 1012 and funnel 1030 are )
concentprovidapdbe prasentongention with isprevad peifermarnsee eaneared uwith existiog3
of the funnel |ip 1031 being guided by the inner surface 1024 of the
annul armist geeetators ibOREMSs witefficiemey (tbaraniaod abfsecherd flumhysepto aiamize
1032 abuts the surface of the annular projection 1022. The 0-ring
seal 1QGRé firsiciiiddand thd degrezoufatbfidbatiom dfthedirsiefiuid urSmenifichly3the area
ensures a sealing fit between the two conponents. Wen the base 1012

and funa@b bEdsSemtite iRt atdidaconadivid onmsds, AMPtHd &i5dle fof dderitechetween
passage 1018 of the base 1012 and first fluid passage 1038 of the

funnel peawdl steeRs e ADRPEALRY tHd Bhﬂbt%%kﬁvecélfohﬁfh }Urwer%}ﬁ'lance in
another. Furthernore, the inlet 1047 of the funnel bore 1046 and the

ig%ﬁltggﬁrgﬁé@dltﬁterg%?gggp ﬁ%ﬁ&agfant b%nce %@e rﬁase{é%g’?[ ané():ldﬂf u%r?gl
1530 g 50 S5 A BRI o,
ﬂSi’ieSf9%52%&%&3%%0%&%@@9P&“ﬁ% FegBad T, 30 shidle’ %SE%rséeo?‘?hea“’?st
Vi 't ndRPulSCARS scrnes s ortt it atdne 6 ks wiet PN can legd' o’

base 1012 As best seen in FIG 13A a locking nut 1102 is jnserted

into tHedpgessy atomizatiag qfﬁ@ﬁi%&”'ﬂo?ﬁ)“ ity W@eﬁ‘RF@datPﬁr (?G@WdFE@%BF@?
1046, 1017 it is rotated by a suitable toal (not shown) which |ocates
in the 9foBaidenge Psheeen i twastreamsvhigh fallsowitkin tbe debaes Hetailnd ahove
surface 1054 of the plug 1050 narries with the internal thread of the
| ocki ngPrevides lmprovEdeatomizationaefcthedirst thdd fim terms wf choplat sizeand dioplet

distribution) whilst reducing the risk of the atomized first fluid droplets coalescing
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WO 2009/ 061471PCT/ US2008/ 012571 | arger di aneter than the bore 1017.

Consequently, once the abutnent surface 1062 of the |lip 1060 comes

into contact with the base 1012, the plug 1050 cannot be threaded any
further thwoopvodiva nut 1020. At this point, a washer RTOWOSENI012571

circlip 106 are fitted to the first end 1051 of the plug 1050 so that
the nut 1020 cannot_work itself |oose. The circlip %06 Iocatehsﬁ]i n the
gr oove togethepagaindcthangreatrr the paglespfdnaidence beiweendng $iregsts, the,greater
0-ring seal 1057 located in the cylindrical portion 1053 of the plug
1050 ertbearindiah nywaentom transiee fioseihe isecpnd gurh 8 tha first filid o ridoviener, a
[ 0221] As can be seen in FIG 11, once the plug 1050 is axially and

concentlaigeasihgle| o dadidehdenalsbeabdead 19 g firsh uiddivncstiegh sonverginposbein fit
the plug 1050 |ies between the throat portion 1049 and outlet 1048 of
t he boreomésmtd Rohtaet withiied s@038Y fldid retrequre vdrgasing ¢he risle that sofvecef thie
the bore 1046 and outer surface of the plug 1050 now define a second

fluid passraes fePRuid Papelsin echkecdbuek iifethdras been fixed to the

base 12, the inspection port 1039 can be used to neasure the axial

di st anqp28sj %Qﬂs'hgﬁthé WRcoRl REE Heah o FcBtbad 1ibAIATE rbgidn 10 ASidanthe

the renote second nds 1042, 1052 of the funnel 1030 and plug 1050.

Thi s engiyfsrishahstiile hﬁﬁ%rlgﬁnizgﬁ&p%f %Oﬁéﬂqlﬂ;“%‘g%%%@?@viﬁé'the
At the Sane tine,

correct positioned relative to one anot her.

1030 aropBoTOBBAGRTARS: SF ST nC AR (Pl S Bheh Y SnletiRh
[ 0223] Once, t he neasurenent and siti,0

comp e/ hca o1 -5?%7:99?%&&9&88‘*}1% W“ﬂ%ﬁ%ﬁ%ﬁ%&gﬁzﬁﬁﬁ%ﬁg jrgtpies
i 070. T 1070 i i ]
1010 S Aerdiopldtaszsy ah s SPICEIRs SRLIgnes fif ufies Rsocliah, Soes dor

the funnel 1030, and the cover is then concentric with the other
conponettbstaptially hemogegous distiikutionrrithe mader Heplefsiigeughadt i valgme of
bet ween the base 1012 and cover 1070, holding the base 1012 and
funnel thesurmyadingtsp@se. - 89- WO 2009/ 081471PCT/ US2008/ 012571
another. At the sane tine, the 0O-ring seal 1028 ensures a sealing fit
bet ween[0236] basEhel 0thathih whichrthe Gpparathe icassambled @iscshas bgnefiswiTihe
t he base 1012 so that the threaded apertures 1088 align with the

aper t urleasel] Garinel nplup erldaswet @t all Aspembledi donceftrically imgswdr 2 wayth80the
are then tightened into the threaded apertures 1088 via the apertures
1021 i ngagedéfating HElfuid Paesaddreasd basts béBiear thefsdrhporiantd hrneshsidtent
heads of the screws 1180 are at least flush with the rear face 1014.

A nunbeglonf theilefgtAtind ar@in@ohesciklifffeidntd df rtta@ra?@larétbé.emh@hﬁoﬁé, ST
provided on the rear face 1014 of the base 1012 for attaching the

appar at gscH 8f thes Hidneh! fuganat édver ské %t@ehéch%lr :n’a ted &2 & Pasé %%%e,gﬁﬁi

in FIG 11, once the cover 1070 is successfully fitted, the secon

i nner s%,?g?@%%tgg@gfa éd?ﬁ?quﬂ‘féfe{%ggegpgﬂg the e%glgshtg‘df {ogé}ﬁnéé’érrgg are

t he funne efine a Tirst assage ving an In

it e el O pePeTal b 7 bheh e, s SRR Bt Bdgfores
he 1 rehels o lEaBTE ot R IndBlies oo B o TiecRe

geonet ry. other words,. the cross sectional area of a, portion. of .
The 1 112370 o ciMethe SRS DRt hASS Tsiranes TaTEbRvGh SnBelia RO .
1084 is greater than the cross sectional area at either the inlet
1082 or theuliv Prevests damagecioote Bepe| anaipiug dhgrannasaiusrigtdroppedy The
passage 1080 progressively reduces follow ng the internediate

port i ontelative pesilipns, 6f dheserompenentsstan| berbeptes ggemetgooft thenfish and
1082 to outlet 1084 is about 120,400 cu. mm, and may be nore

pr ef er apggorisepagaages] & teoefore protectedd Additietlycthe imner[supfaég Tfdhe lip

ensures that the apparatus has directionality, i.e. the atomized droplets can be
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-90- WD 2009/ 061471PCT/ US2008/ 012571 flui d passages 1080, 1090. The
ability of the liquid to formthe desired thin annulus is a function
of the first fluid passage 1080. Shown in FIG 19 is detailed

cr oss- sectw@pmb/osataw of the first fluid fl ow passage 1880usibhs012571
profile of the passage 1080 can be defined by a curve that is a
function of the three critical, areas: w the inlef area Al at the
inl et diegted toM@rdssaaglosgBolocation. et2Sardscyesed abRYe o jUCH
area of the passage 1080; and (iii) the nmaxi numinternedi ate area A3
bet weerditasdonaliteis agtipcassandor the RIIPPea ofgfiasting fluidgist fire pretection.
critical areas Al, A2, A3 define a substantially circular area

coaxi al[0238] spduwtheanory droplete heldahgainsti thepanér fRfade ohtheplis sweenore
1080. The areas A, A2 and A3 are separated from one anot her al ong

t he patdashi dtgmizdd astthéy arel sphidet do dotinthe brceaifibesegoadSIiuid amodtha?
and a second fluid path distance L2 between areas A2 and A3.

[ 0226] Urittigh fdiced feini thefinhdreswefack] ¢Hidweegasshdllld beAhdarslodsd thatheis first
angul ar rate of change in radii fromone area to the next adjacent
can be gifbedifiche iy alidiativély iHRBOARD Mifich eraéttens RdiftivelP 8héAdidtance,
increases fromthe inlet area Al to the internediate area A2. In the

prefer rég. ﬁ‘i@\ﬂ%iﬂﬁgterst, I8 RSl VrikhyPh gm’iy m t‘ﬁe'fﬁ‘ét%ﬁb&&]ﬁ%nﬁ' IPthede

factor o etween 1 to 50, 1s prefer etween 1 to 5 a I's nore

c &anéreq Sl e a?%’*a?‘?"ﬁ% Gy s SRl hi*a?j'%'g?‘ea?%j%@ﬁwa’*v
T e A3 ; \
p2 | n R ey detgtttberghe o oni val ent area Ao 15 | arger

t han Al fgctor of between 30 tg 400 referably 100 .tq. 300, .and
o e prl0PEPE! R 350 efposibenian witch fhe'eiverBremberting o Proieetisd lbb eheen
the radii fromA3 to Al of @bo t .84 de r%%sm(gsa 6). [0227] The profile
of the HASsERAl FHEIIop, i tapabiig sERABEH. TherRiefeniessireams wée ddpwrddo
as the angul ar spacing between adjacent discrete segnents which can
appr oxi W@dtrﬁaiaﬁm pway drasn dhe |angitidinal axis b of sherppparabys atavearlips siage
detailed view of -91- WD 2009/ 061471PCT/ 1JS2008/ 012571 t he wal |
profil ¢han they wavlthifethezgowaasa Uigepréscokemhispcicates di greatee dsggeenfs
and the angl e of change between each segnent is neasured. The

di scr ettertsdemeEninsther seceadHiwdyoubich gqaarerdancefthe ldorhization pdtthe ARt fluid.
|l ength. In a surface profile is snoboth, then there is a small angul ar
change Additiorallg, tegrsnitinganish plunex hadawvider 8pieaud| whithcdnige behefidialih
90, preferably a maxi mum of 45, even nore preferably a max of 45, and

i s yet #®yiamtionnehéereahenpbhyatliefstolfilcd paficdagveeme With @ hiistds opgosed
there is a sudden step in the profile, then the angul ar change is

gr eat ertg dirctifg tH SiLitle BWapddadpBBNE Ichatibhe atom zer, the segnented
profile of the passage 1080 has a maxi num angul ar change that is |ess

Lan 3qogef cesonbrandReet iHeoplig soldl (U AtRe O bBIPrHRAS A

defi ne he i nner surface o e cover has a naxl nmum angu

h ' 4 Jt 1 2 : f
ho padngl 5B BRIl 47 TR Re Thalhaie SAURERIERS apfRirpty  SEfefle
i t I t t f abaut 4.5
T merbAp Sl od BHHE e g 2L oo SAIRBh RSB rore o tre
t . tl nbl ed, t tlet 1094 _of th d
T e b el 53Rl 8Bk e S B 85 DS
t he pl ug} 1050 and funnel 1030. The outlet 1084 of the first fluid
passagdTe¥et qrdighlignheigastailyof thrarraratus feliewing nstafiatiofe f unnel
1030 and the inner surface 1078 of the |lip 1076. [0229] An alternative
enbodi fBA#1hr tnhetead oef zeisings ahBiupaded FaEEgeraenindsigin. the w@iternative

atom zer 1000", the conponents are the sane as those of the atom zer
1000 stesabodiment, Gheladjustovent ef thé axidhiposiioneofrthei cavee mblativerdmtthe thiase

may alternatively be achieved by inserting shims between the two components and
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m st-generating apparatus in accordance with the present invention.
The al ternative enbodi nent of the apparatus, generally designated
1000', shares a nunber of conponents with the previously described
enbodi mrentW@pWs/atie™i zes the first fluid in the sanme naREBUSAE8/012571
descri bed above. However, the alternative enbodi ment does al so have a
nunber of differences fromthe fjrst enbodi nent., Mst ticeall t he
Cocond Bra lebinirg g me Cupnenigouabet JHBS Meshanon BRres Ta bae
The second end 1074' is therefqore adjacent the first and second fluid
out | et SNEDREF as thad af therfiet emhadimenrd3o' of this alternative enbodi ment
does not have a radially projecting flange portion which is

sandwi clf242bet Veshould begesegnized that shriadapted deatunesiof the speerdiliustrated
funnel 1030'" is secured directly to the base 1012' by a nunber of

fi xi ng subedimemareshatwimited\ddi héingalsed, ini combinatioh. bEhese saiuresdmay
t oget her by screw fixings the cover 1070' has an internal thread on

i ts i nnerefard dee idddrBdrardd dhdicidapky dt ethewfitsh embeditreembalf ddsiredd dror
the outer surface 1026 of the base 1012'. The cover 1070' can

t her ef ogxanisle! Bh eaABSHIMRNG of fife BPESratisl Ravingd iy pRégent ineedamtedlso be
1070" relative to the base 1012' w |l adjust the axial distance

bet weenplolReaWRT thbdjustAasht Eﬂhﬁ% MEentRp theldbh@r nittibd M wennel  1030°
directly secured to the base 1012'. [0231] As seen best in FIG 17A,

the fi r@hﬁj ui dagiy il p]rgl%ﬁedhg\ﬁt fﬁ%g.{b\ﬂ%%lﬁé ‘?éjfc}rr'?leﬁgx‘afl gﬁ%‘ha‘f‘:ﬁﬁdéibérb@@

alternative enmbodinent.” Firstly, th of the et ween t

rocond, £3iss 4 MO B SRS, S e il
020, % LR 4 8 kLo Rl NPTy 9 S K5 R oL

axi al dista%fe b%tmeen t he coverh1070' a?d t he fuqﬁel 30 candbﬁ id
adj ust "4t a0k PESTIRYRE (USING, MGGy WESHICH PRTBEDFR- ant '@ esired Tui
velocity of the first fluid cap al so be adjusted. Adjusting the axjal
bostt1 el @ndobetsapsomayoRe CragieRoninte s, FPERAL JoGD BASTEINE
relative to the base 1012' and funnel 1030' adjusts the relative

axi al p®anpebigsthat desrsibede dint axample the chanpels apdrassagepmayhe faremed
second end 1042' of the funnel 1030', both of which define the first
fluid ot detingabe appefatusdjoncismehy eastingdbe appapatue with theechamiads ango
adj usts the gap size of the first fluid outlet 1084' and initial path
1200' opagsages forsted thereinstream as it exits through the first fluid
outlet 1084'. As a result, the nore the cover 1070' is screwed onto

t he basi@2dd]2' Altreugbribhet fgpdraiusi ial prepferéblpmamdaétured frbhrusthirdéseatael,
1200' issuing fromthe outlet 1084 will diverge fromthe

| ongi t uslterastiviax hiatdrial®fshialigg ahe daficlprobediEs may 4156 bl nsdd mzhe. mahie,
the angle of projection was substantially parallel with the

| ongi t uglimaly fequirePleritd ofapRanRitatial atBere¥@tdrikl @ cbitosiBh, dRemfa® and
projection also reduces the angle of incidence a' between the first

and se f 1y 1220 ] i , or -y
ot at o 10 SEH PRTRIEHAY Uhnl D il S et oS E e R Gnd

enbodi e BRs if?e){p%'i’ug%. t hleéé?@Q éHérfnéﬁ@‘eE @Qgéria?s”%%déi@ﬁ%‘i’%té&ﬂ as

limting 1tsaxial” position relative to ase ore
1017' i ] a ' ' h ich s e .
t hr eade u&lﬁrﬁcéﬁq%&%&,ogﬁ?hﬁgﬁ[ %B%%& é‘gatgnﬁggﬁl tﬁ?ﬁggaﬁ gpramlc
position_of.th lug 1050' relative to the base 1012' and the other
o - conagialn o P e Stemetdediohig TBonse RE Grgint < nat t he
plug 105Q' is screwed into the base 1012' . This also allows the wdth
b 'The B285ha rAGrG: waIShile RRsRTedAERtod desToRsn desiliReap et thas
the position of the pl u(g 50' can be adjusted relative to the funnel.
30' . Corfesapleivention senddimitachionthiospediic fiist Juidosioor erasapladihesfirst fluid
could be a liquid fire retardant instead. Similarly, whilst the second fluid is preferably
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the first fluid) and the degree of atom zation of the first fluid.
Specifically, the area ratio between the first and second fluid
outlets, and the angle of incidence between the two streans of the
fluid exi tWagoPae4dlut | et s i nprove atom zati on perf or maBEEUBH08/412571
present invention. By providing an area rati o between the respective

outl ets_as _detailed above e _present LNy i rovides a thin film
cheet o Ser 4t & 16" BR, Cansiafed 3 iBiied 38 it SRR A e oy petne
second fluid. The snaller. exit area of the first fluid outlef also
hor oadoistiio Ao R oo poRRiEseiie Tufds, havings ST ToRSis Dot
|l ead to a degree of atomi zation of the first fluid as it exits the
appar at3AsesHIgcIPeRh aynalan fecusrd wiboleaftasting dhe arannes of ppcsationafthe
which falls within the ranges detailed above provides inproved

at omi zaRresenionvention: i The secanddliuig shewlgpreferahly peeasily pbtadirablejrefatively
di stribution) whilst reducing the risk of the atom zed first fluid

dr opl etisexparisivcamnogBorrosi® HDey aibirr Pa1sficiab20 08¢ @1sEspnd tllugbwhish
again. The greater the angle of incidence between the streans, the

gr eat erhdshhel additialal benefits whbieirangérmerafedom site(esgovadc ¢dmprstor) tame/or
first fluid. However, a |large angle of incidence also can lead to the

first fhad iefting By whenveeqimtreippradsigiomes into contact with the
second fluid stream increasing the risk that sonme of the atom zed

first f|‘TOQi4_§1 dr o trivetdrs k8R! BRARIRPFlethQBStdiRtems QO lbRESY 6P Aquid

second Tluid streamto create a turbulent regi'on outside the

appar at fis QI fiSplotidtR that @fﬂvﬁfgs' iﬂ{ebr&;edt ﬁéﬁérh{aﬂcefé\}.éir SreRIaIy kppwn
i nproving tHe atom zation pefformance of the present invention. Thus,
S O BRI Aot A S0

gener ates m st red Sl ze, an

ﬁ;ﬂﬁéiﬁ%%;ée { érf&?d%&ﬁr Wit Fich @%ﬁ‘%@%"%Piﬁ‘iﬁ?ﬁ% §§%%Eﬁcﬁ%‘éﬁaiéé Vgviseor
: ' . J0236] T i i i

o e SHT I8 B SR L b B T oS e e BEBENE P

assenbl ed_concentri cal l(ﬁ}ii n such a_way that the gaps defining.the

fluid ps@ggloation Jnradditondhaeusfaries exsipmrand Sejheds pravids dok equal

along the length and around the circunference of the apparatus.

Fur t herpSfasmagse dagdepemdephef thenmenbenpigioryirers sliizedprovidedsibat theptotal
nounted to the base plate, the conponents have a conmon reference
poi nt . VAkise dedg dischargedifon beamcious sysiem cordignrations e dubstantially asfual.
being multiplied, as is often the case in prior art assenblies where
t he corfpbalbnttheaprefersad isybiedhs bigee hamondtiated perfoomance oeéekepwa. mist
[0237] I n the enbodi ment having the cover nenber with an axially

pr oj ectaysterhs by (Hheqliripgdesy eniter alahpesstie tdresumptivel aaddiiptedacing thee
apparatus is dropped. The rel ative positions of these conponents, and

hence tlige geer@iguistmhentifer biglioiNdksanPhfstRyseages, is therefore

protected. Additionally, the inner surface of the |ip ensures that

the appaearys hamildikepidsenlinvention has HkA AtAB L it eRir8hce f2BeRSin
preferred embodiments, numerous modifications, alterations, and changes to the

described embodiments are possible without departing from the sphere and scope of

the present invention, as described herein.
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-96- WD 2009/ 061471PCT/ US2008/ 012571 directed towards a chosen

| ocati on. Al t hough as di scussed above, such directionality is not
necessary for the purpose of effective fluid mst fire protection.

[ 0238] Furt hernore, droplets held against the inner surface of the lip
are nore easily atom zed as they are syppect to both the force of the
second fluid and the friction forces fromthe inner surface. However,
it should be understood that this first enbodi nent may alternatively
have a |ip which projects a relatively short distance, e.g. a few
mllimeters, or the lip nmay be omtted fromthe first enbodinent. In
t hese instances, the atom zing process descri bed above will take

pl ace substantially outside of the m st-generating apparatus.

[0239] I n t heV\dyabdslichimed i$:whi ch the cover member has no projecting
lip, there is no radial constriction of the fluid streanms. Therefore
the streans &re ahlroisedeneratingaesiceadingrisingveafjrst floich passabe givingd nal
axis L of the apparatus at an earlier stage than they would if there

was a |'ip presentid iflet ang zemteuia cltlepdieposiadabsutad Idngftbdinanggs o t he
second fluid, which can enhance the atom zation of the first fluid.

Addi ti ogal | Yg.the, t.l 1 nl F W r : i can
be bene?i Ci aﬁhei &r}aﬂlzliéésa’ﬁrqga“% ?%%dﬁvﬁgbr"g F{éh%gaéﬁgg?lg ué:@%%o?{aoﬂ??mk‘é‘gérﬁqa
particul ar vol une, . i . Op ed dir i th ]
Povards o specttc B eubeEH dn DBieRTECS oo fud beSias, e wEFaRL iR
used in the assenbly of the apparatus y be replaced with )
al ternati ve RessAge disposadiansdl Topangity 5186 BKis foaceRiicaH] @eg’ﬁ}ahfﬂwés
include fixing bolts, clanps, or a conbination thereof. One or nore
of the nechapasstge; the secandiivid pasaageapining ociquivaleringigle 6¥i dent
fixture in order to either prevent or highlight disassenbly of the
appar at us f oexmwision ohisétaldeati and 4DGxgteesst ead of using a threaded
arrangenent as in the alternative enbodi ment, the adjustnent of the

axi al ppsition of whBesik WESeESh@FILNEPASSddReinbRIvIRs BR¥hrabt B6MiBhi ¥eAtkdbe
achi eved by inserting shins between the tw conponents and -97- WO

2009/ 061471P, 0 ' ' t c n
t oget her usi %Mr‘réec gﬁél %ﬁéﬁ?}x@&uggy%t%Cﬁghé;gsnée&ﬁgnﬁﬁe}ip gg@e?hgﬁé ?P“%aﬁe
first enmbodinent. ,[0242]1t should be r.ecogniz t hat the adapted
features of PRACBAE #ImAlET Sicss Ero0n e e Hit ot Afinst BR gepond
bei ng used in caonbination. These features may therefore be

i ncor por at edfliigdni¢t augeegnd Auidreutiet syeh dhdiche msaa ratio Bebygasythepthroat
exanpl e, an enbodi ment of the apparatus having no |lip present need
not al so be poniohdad twetdecohd flil] astietes betwaeamGdraomt 2f1dr abthe cover
menber as well. [0243]Wiilst it is preferred that the apparatus is
fornmed{en the manpgerdlasies kdtRdof therésdhesstionbliare] of thk Yigstangd eawstito
menber, it should be recogni zed that the apparatus of the present

| nvention i sR0Seddrfl hfidlolfelidbehREEREDANAR (13e various fluid
channel s and passages using these specific conponents. The desired
fluid channel s and passages nmay be created within the apparatus in an
alternative manner to that described. For exanple, the channels and

passages may be fornmed hy drilljng the apparatus, or el se by casting
Phe: anpar At 43~ vi t ANPHEekafleHaB ot Waetadner Jks adierl Alea of th
second fluid outlet is between 4 and 7 times greater than that of the first

20 fluid outlet.

3. The device of either preceding claim, wherein the first fluid passage

surrounds the second fluid passage, and the first and second fluid outlets



[ 0244] Al t hough the apparatus is preferably manufactured from
stainless steel, alternative materials sharing the same properties
may al so be used instead. The prinmary requirenents of the materi al
are resistance to corrosion, chemcals and wear. It is also
preferable that the material is easily10achined or fornmed, and

rel atively inexpensive. Possible alternative materials include netals
such as alum num and brass, and netal alloys such as tungsten.
Plastics or ceramic materials having the aforenenti oned properties

may al so be used.. [ 0245] Agal whil st .the preferred first fluid,ha
beon descr | AT dlehibrelae 1, B AatdesBrS Rt Sy AR eRcPiale o <
specific first fluid. For exanple, the first fluid could be a liquid
fire retar daicidanseefdesssnan Ky #gare@pi | st the second fluid is
preferably -98- WD 20091061471PCT/ US2008/ 012571 a gas, it is not to
be considered as limted to the exanples of gas given in the
foregoing disclosure. O her conpressible fluids having simlar

properties ta.theTpaskesiod sictlained, wagrdth 3iee Bifst upedsadohtdulid alifleetdrag
t he manner of operation of the present invention. The second fluid

shoul d gr ef epadhiedIIAA8Ith Rl RGPS Gah 12k Ad eﬁé\ye 5Hearf;§;@§t ?ﬁgio\%'hh:égh

non-corrosive. It nmay also be beneficial to u a seco

has t he addi 1. i ing generated on site (e.g. via a
conpressor) éﬁ%eeﬁgi]gméﬁtqog%g%énefi ts when used in fire
suppression. [0246] The i nventors have provi ded net hods, systens and
devices for liquid mst-type fire protection that provides inproved
per f or mance over Erevi ously known m st systenms and technol ogy. In
particul ar, Phe plbedevice gfarydquscedipg ciaim, whereisvhe dest gluisl parsageris
liquid mst fire protection independent of the di scharge device or
atom zer | ochicatad raglialyi cugwhnd from theesegbnd lileid passagepace geonetry
and/or the hazard or fire location. In addition, the preferred system
and netpods provide for equal performance i ndependent of the numnber
of atom zers utilized provided that the total volune being di scharged
for the varipgus s § QU at. L b -' Ve .
Finally, thes'pr ef Zrﬁ%’ﬁvg%g&ergrgy ﬁ)tg%/e %S#ﬂ%):inazlﬁr‘ 2\%@3&‘83&1*3 of}rrgrgﬂ@lej RRrEA9e
known m st syste by .(i) r iri | ess er and,pres e, .
consunpti on; P{7§§’|'l§{"Te('*i’i ?P)( "ﬁ’@bﬂ@gﬁge tpﬁ’g%tq &&#%@bﬁ{wmﬁﬁ%ﬁéﬁtﬁ%@é?m and
previously known m st systens.. &0%@ Wil e the present invention has
been di scl oskt® (st HuidedElednide interawdiale Posiat Bayiea &rmsaisestipral area
nunerous nodifications, alterations, and changes to the described
enbodi ment s whichgedarigbt than thabaf eitfegrdhe ifingf fluicoimlatror tisg et duhaltietope
of the present invention, as described herein. 100 What is clained
is: 115A mi st generating device conprising: a first fluid passage
having a first fluid inlet and a first fluid outlet disposed about a

| ongi t udi nal 7axi sTRE Rihe Qﬁ\flbﬁﬁiﬁ,%ﬂ%r@irﬁﬁ-ﬁéomerfﬂé&iétemﬁﬂ%f*ﬂﬁdiﬁ a

second fluid inlet and a second fluid outlet through a secon

L ongi t udi nar 148 EaSERERes b bieBrRRERe bR P ER Hhuld® s01ard 408,
and 40" degr cles guaer drn P ol Bishat FdiciiBhscage | ncl udes a ¢ hr oat
portion | ocated
20 8. The device of any preceding claim, wherein the first fluid passage
defines a smooth curving profile that converges toward the longitudinal
axis such that a flow path decreases in a direction from the first fluid inlet

fo the first fluid outlet.



bet ween the second fluid inlet and the second fluid outlet, the
throat portion having a smaller cross sectional area than that of
either the second fluid inlet or second fluid outlet such that the
area ratio between the throat portion and the second fluid outlet is
between 5:7 and 2:11; and 15wherein thegzatio of the cross sectional
area of the first fluid outlet to the second fluid outlet is between
10: 3 and 1:12. 2. The device of claim1, wherein the cross
sectional area of the second fluid outlet is between 4 and 7 tines
greater than that of the first 20fluid outlet. 3. The device of
either preceding claim wherein the first fluid passage 101 are
oriented relative_to one another such that they have an angl e of

i nci dence of91 essTheglevge efegmeprecedng Tlmdwhietsin dhe dirsli id paswagei n
the first and second fluid outlets are 5oriented relative to one

anot her suchdefires 4 hetal helumeaof batgleenof 190061 ahemcandfl 2h800veren® Gnerite 30
degrees. 5. The device of any preceding claim wherein the first
fluid passaggedohd MaatRishadidihgs GUtEr eblimendf beweesoruBdd Hind® and
passage. 6. The device of any preceding claim wherein the
first fEuid @@gﬁﬁgﬁhdncludes an internedi ate portion | ocated between
the first fluidinlet and the first fluid outlet, the internediate
portion having a cross sectional area which is |arger than that of
either the first fluid inlet or the first fluid outlet. 7. The
device of claim6, wherein the internediate portion of the first
fluid passagﬂao-has_l-'ée deyiss of apyirsperding eRimnfuther sopwrizgen 50 and 400
times greater than that of the first fluid outlet. 208. The devi ce of
any precedi ng cl a&nfirsiiieriei supple ¢hargiel fhalinh pasiaperdefadaptedh tenbet h
curving profile that converges toward the | ongitudinal axis such that
a flow pat h ceuiesaseto bnsupply beat firen fllikdoand hesddongtedd dbanédtkettotthe
the first fluid outlet. 102 9. The device of any preceding claim
wher ei Aot he fidst Aitigfihgt drgpssage defines a total volune of between
119000 mB and 121500 nmmB8 and the second fluid passage defines a

total volume of bgt%%ﬂdzﬁﬁgosdgﬁy %’fﬁ%nnel having a first end adapted to be

connected to a supply of a second fluid and a second end connected to
the second fluid inlet;
wherein the first and second supply channels are substantially

15 parallel to the longitudinal axis of the device.

11.  The device of any preceding claim further comprising a chamber in
communication with the first and second fluid outlets for mixture of the
liquid and gas discharge so as to form the mist.

20
12. A method of mist fire protection for fixed equipment within a

substantially enclosed space having a ceiling, a plurality of walls so as to



525500 mB. 10. The device of any preceding claim further

conpri si ng: a first fluid supply channel having a first end
adapted to be connected to a supply of a first fluid and a second end
connected to the 10first fluid inlet; and a second fluid supply

channel having a first end adapted to hg3connected to a supply of a
second fluid and a second end connected to the second fluid inlet;
wherein the first and second supply channels are substantially
15parallel to the longitudinal axis of the device. 11. The device of

any precedin | ai m further conprising a chanber in co ni ion
TN the {1 Qe PLUrE NPT OTTRTS G AL 8 FIG7 LI YlPE SRt I3t 1 of S hnd
gas discharge so as to formthe mst. 20 12. A nethod of mst fire
protection ft590i aedt edis pedind gpMRMAING: 103 define a plurality of
corners and an enclosure volunme of at least 130 cu. m (4590 Cu.
ft.), the nethod disppsingiaideasiiospaosishgenadrating slevizedn the sulgstaptialty ng
device in the substantially encl osed space, the m st generating

devi ce conprégtloséed 8phdd, the it goriRasspaeviba\cortprididg: afirsf iyl d i nl et
and a first fluid outlet disposed about a |ongitudinal axis of the

dovi e pen PaSeramb b maaRtelay aas BEPEIL ity 310 o

second fluid outlet thr ul d passes, the second
fluid passage di,sposed .about the |ongjtudinal axis concentric with
the firet i1 briAoatead Shtls affice i ASPEORH ntfasians Pt 'ona
area of the first fluid outlet to the second fluid outlet is between
10: 3 and 1: 19ecangkflyyd é"ﬁ@%@%aﬁecpé‘éﬂy'do%i%t%ﬁw@@h@?'ﬁrﬂ Argcaadflgid
consi sting of one of: (i) mounting at |east two m st
gener at i ng dpassass thensedondeigt pessagpdisppsedh abeitheHengitudinal saxis1 30
cu. m (4590 cu. ft.) (4590 cu. ft.) is at
concentric with the first fluid passage, wherein the ratio of the cross
10 sectional area of the first fluid outlet to the second fluid outlet is between
10:3 and 1:12, the disposing at least one mist generating device consisting
of one of:
(i) mounting at least two mist generating devices in the enclosed
space, wherein the at least 130 cu. m. (4590 cu. ft.) (4590 cu. ft.) is at
15 least 260 cu. m. (8180 cu. ft.), the at least two mist generating devices
being disposed in diagonally opposed corners so as to define a minimum
spacing therebetween of about 3.4 m. (11 ft.);
(i) mounting the at least one mist generating device in a pendent
configuration where the enclosure height ranges between about 3.0 m.
20 (9.8 ft.) to about 8.0 m. (26.2 ft.) with a clearance from any wall of the
enclosed space ranging from 0.3 m (1 ft.) to about 3.4 m. (11 ft.),

(lii) mounting the at least one mist generating device in a sidewall

configuration where the enclosure height ranges between about 1.0 m.



15| east 260 cu. m (9180 cu. ft.), the at least two m st generating
devi ces being di sposed in diagonally opposed corners so as to define
a m ni num spaci ng therebetween of about 3.4 m (11 ft.); (i)
nmounting the at | east one m st generating device in a pendent
configuration where the encl osure hei ghb4ranges between about 3.0 m
20(9.8 ft.) to about 8.0 m (26.2 ft.) wth a clearance fromany wall
of the encl osed space ranging from0.3 m(1 ft.) to about 3.4 m (11
ft.), (i) nmounting the at | east one m st generating device

0o 15" o SO st Dy, ke AR o 5"
oo, Berat B e e e o S T8 TR OB o

and with a clearance of at least 1.0 m (3.3 ft.) fromany of the
plurality of cornbal§thss endleswadicdgd@Enshaitle a dearancesiiat ieagt 40 met:3
two m st generating devices in a pendent configuration where the
encl osur e heftglitorm anges$ theephesitly aboariness 6f ime dritl@eldtspacep about 8.0
m (26.2 ft.) with a clearance fromany of the plurality of walls of

the enckosed spacgvymoahigy &f RaE0MD Midt hehbratingdeicds ind defderft1l

ft.) and spaced from one another by a distance ranging from about 3.4

10m (11 11 Dcomghatin ot et e indBUBLAR, Ao £3SH nf o
sy deval | encl o8 SIS 0985 296 VAR A0hed Breakdu el bl

ceiling rangi{‘g frogn about 1.0 m (3.3 ft.) to about one half the
15cei | i ng engl BalF € ei YiHosePRACCTARIDOLEINMR THE1 B tp ahgut 3.40nm
(3.3 ft.) fromany of the plurality of corners of the enclosed space
such that thel1aft.) pedspaces fiens ongenetharibys distdreesaoginy fdehiabeuh3.4
center line of discharge having an unobstructed di scharge path with a
di amet ¢0 of mbout ft1).t6 aouf S0 Mtft;)arfdr om t he device to an opposi ng wal |
of the plurality of walls, the device 20being nounted fromthe

opposi ng wal | at @g@sqﬁa@%maﬁ@mg Rigt Y&RErBRg Wevide8 i didéwall fL-)

to ?bout 12.0 m with the center lihes of discharge of the
about 1. 0 m T EuF R AErSuRERENgh EHBLu RS AGhERY bRANGE 465

1.0 m. (3.3 ft.) to about 8.0 m. (26.2 ft.) beneath the ceiling at a distance

from the ceiling ranging from about 1.0 m. (3.3 ft.) to about one half the
15 ceiling enclosure height and with a clearance of at least 1.0 m. (3.3 ft.)
from any of the plurality of corners of the enclosed space such that the at
least two mist generating devices each define a center line of discharge
having an unobstructed discharge path with a diameter of about 1.5 m. (5
ft.) from the device to an opposing wall of the plurality of walls, the device
20 being mounted from the opposing wall at a distance ranging between
about 3.8 m. (12.5 f1.) to about 12.0 m. (39.3 ft.) with the center lines of
discharge of the at least two devices have a perpendicular spacing

ranging between about 1.0 m. (3.3 ft.) to about 4.6 m. (15 ft.);



pi ping a self-contained fluid supply source to the m st generating
device, the piping including coupling an outlet of a liquid supply
tank having a capacity of at |least 25 gallons to the m st generating
device, the piping including coupling in parallel a gas supply having
a bank of at least 5three pressurized 1853 cu. m (400 cu. ft.) tanks
with the liquid supply tank and the m st generating device; and
interlocking an actuator to release the gas fromthe cylinders to the
tank and the at | east one m st generating device, the interlocking

tank a ¢ le gener | ing
i n the oncl osed SR = SRt ROl FlGTARRR oA Fola) b Ar e a7
inth I d . h_that .detecti f.afire  the heat
detector si gRANESTRE PIENE g PUPIITEN AWChaka ik RBNEFHKnder s

to pressurize the tank and delivery of the gas to the m st generating
devi ce. 1513having acanagity of abwaﬂ/gg@ﬁﬂ%ﬂo@l rhaist pageRting dewde; they

m st, the system conprising: at | east one m st generating

devi ce di spopwihg mchudirghcouding is pacallehavgasgsupphohavieg af bartk dfestdeat30

cu. m (4590 cu. ft.), the at |east one m st generating device

conpri sbng: thréé bedsdurigbd 1aS8a0e. MO0 O\F f8) fanks Wwithl thediqurdl ippPedik a

first fluid outlet disposed about a |ongitudi nal axis of the device;

and a secondghf %ﬂé’n’@ﬁﬁ@?&xﬂ’r@’éié\ﬂcé‘ %ﬁ@gé}iofckmggad ? btd r e??ﬁ |

fluid outlet through ch a“second pass e secon

passage disp t b I I i ncentri.c with the
Prrecori ui o gasoBble oliRBisdpdng Y aba e S BAREEM Mg dritaiGina
area of the first fluyid outlet to.the second fluid outlet is between
10: 3 and 1: 1@@.%&%9 mter'oﬁk'ﬂgMQU@USMP@&&&@@H@W%WW heql relpase
supply coupled to the first fluid inlet for discharge of liquid from
the first fldetgckudisnosedtia the gnelosepspgcafibe hivat detectardiaing a gas
supply coupled to the second fluid inlet at a pressure ranging from
about 201 barespd@sizsito ) fire ialierien@dsdd bpacd 85¢h thait upoh detetithah#Erge
fromthe second fluid outlet to mx with the liquid in an optional

chanber so afird, ¢hd RSN ddiBctdl Signb® MEH @SS RErdiddR thehfad frathdheuppl y
further having a property that is selected fromthe group consisting

cupply. bei ng ASBILE FSRBtePIERpHk o R ph S ABR BB i, Td

to the inlet _at a.ﬁressure of at least 0.5 bar (7 psi.) for liquid
fl ow throughg‘tz"'flueera]tt QQ?V'ICIEUi d passage; (ii) a pressurized gas supply
that includes a bank of at |east three

15 13.  Afire protection system for addressing a fire with a mist, the system
comprising:
at least one mist generating device disposed in an enclosed space
having a volume of at least 130 cu. m. (4590 cu. ft.), the at least one mist
generating device comprising: a first fluid passage having a first fluid inlet
20 and a first fluid outlet disposed about a longitudinal axis of the device; and
a second fluid passage having a second fluid inlet and a second fluid
outlet through which a second fluid passes, the second fluid passage

disposed about the longitudinal axis concentric with the first fluid passage,



15(3) 11.3 cu. m (400 cu. ft.) nitrogen gas cylinders, each cylinder
bei ng coupled to a piping manifold coupled to the second fluid outlet
with a regul ated di scharge pressure fromthe nmanifold of at |east 6.9
bar (100 psi.), and a liquid supply that i ncl udes at | east one
ninety-five liter (95 L.) (twenty-fivelg8llon (25 gal.)) tank of fire
fighting liquid pressurized by the 20gas supply di scharge pressure,
the tank being coupled to the first fluid inlet; (H) the tota
l'iquid supply rangi ng between about fifty-seven liters (57 L.)

(fifteen gal |\pBfeif v %do aﬁthé%r@é)é)él%%tﬂpﬁﬁéhéa RG] %Eiﬂt?lru?d &&?eiég%he >

(twenty- 107 five gallons (25 gal or eac

ft.) of encl (4iV- id and gas being
provi ded to ?%‘?Oq‘ﬁ@‘?@g’““gpg Ei’[\(quSF 1b§8é@qntésga%gl ow rati o rangi ng
fromabout 1:1 to g@ot 3: 1. 14. The s gmof claim 14, wherein
the fluid supply &3 %Uﬁﬁyéogm*n%ﬂm% i |SHPast‘i9¢#5’||%ﬁ oiiedst 15,
The systemof claim 14 or claim 15, wherein the first fluid outlet
10di schar gesfluidnlef fricischaras ofligiie from thesfirstfieidsysletihe fluishsupgfy
claims 14 to 16, wherein the mst further has a property that is

sel ect ed fr ofarthee inplodipg eanss suppig cofipled to the second fluidiinlebatraj ority
of droplets having a dianeter ranging from1l to 10 15m crons;

(i) definesprdsOtctarkiiid MM SHNS. vgbwgﬁ) i, )ltS%owﬁmafimBs@psu)
gallons (8 gal ) for each 130 cu. .) of enclosed
space; and L f m about
780 seconds ¥05 dzla Ol?{g%gbgle%gn Hfmﬂ%?ﬁﬁgﬁ sv‘lmzhe@%qaues réarﬁgl ng

b b ) kW, hod of
et o ot sheftber fhAsdo T & migt 1§ 3995%%%@%5@1 Giedis agely

space having_a voI une of at |east one hundred th| rty cubic neters

(130 cu. m (W6 hayingra pyopertyriBabistsetrrtedfrpm diergyoup consisting of.
10 (i) the liguid supply pressurized by the gas supply, the liquid supply

being coupled to the first fluid inlet to provide the liquid to the inlet at a
pressure of at least 0.5 bar (7 psi.) for liquid flow through the first fluid
passage;
(i) a pressurized gas supply that includes a bank of at least three
15 (3} 11.3 cu. m. (400 cu. ft.) nitrogen gas cylinders, each cylinder being
coupled to a piping manifold coupled to the second fiuid outlet with a
regulated discharge pressure from the manifold of at least 6.9 bar (100
psi.), and a liquid supply that includes at least one ninety-five liter (95 L.)
(twenty-five gallon (25 gal.)) tank of fire fighting liquid pressurized by the
20 gas supply discharge pressure, the tank being coupled fo the first fluid
inlet;
(iii) the total liquid supply ranging between about fifty-seven liters

(57 L.) (fifteen gallons (15 gal.)) to about ninety-five liters (95 L.) (twenty-



using at | east one m st generating device disposed in the space for
5di scharge of a mst into the space, the at |east one m st generating
device conprising: a first fluid passage having a first fluid inlet
and a first fluid outlet disposed about a |ongitudinal axis of the
device; and a second fluid passage havildg a second fluid inlet and a
second fluid outlet through which a second fluid passes, the second
flui d passage di sposed about the 10l ongitudi nal axis concentric with
the first fluid passage, wherein the ratio of the cross sectional
area of the §i ' t t i d I ' en
10°3 and 1: 10V BRIPne125 G Rl o 190 GLETEoR0 K 1K SRelcs o RRpEE ST
one m st gengégting device including: delivering a liquid as the
first fluid the first fluid inlet 15through the first fluid
passage for a discharge of the liquid fromthe first fluid outlet;
delivering a gas é@ tihgg'qé‘&%'ﬁ 9pp e wproviledde the devigerin @ liguidrtesoasy
the device at an operating pressure rangi ng between about 2.1 bar (30
psi.) to aboutasg4low tsdio reggmgysIm yabogt 1gdate abaiw3t hr ough t he second
fluid passage and discharge fromthe second fluid outlet to mx with
the ligBid 20 so as to formthe mst; and distributing the m st

t hr oughout the encl osed space, the distributing including discharging

the liquid ang t h¢hg%§sﬁern@6f tBen ﬁh?%vh@?élffﬁlzé ORI SARYIFSodret ifa self-

di scharge tine of at [east ten m nutes, 109 di scharging the gas

i ncl udes di sg%me@gm}iggugsﬁ Ar vel ocity of at |east sonic
he net |"al

vel ocity. 18. od "o aim18, wherein the first fluid outlet
di scharges the 5liquid as an annul us. 19. The nethod of either claim
18 or claim19, wherein the mst further has a property that is

sel ected fromthe_group consisting of: _ (i) amjority of
dropl ets havilfg aTgﬁébfﬁftem of elain ﬁg qrrebaim 1 8.ovheretrotheciirshlluid outlet

(ii) defines a total extinguishing volunme of |ess than about 8

gal | ond0( 8 gdischarfgss thadiquiti3®s amanmulug4590 cu. ft.) of encl osed
space; and (ii1) an extinguishnment tinme rangi ng from about
780 seconds to about 80 seconds for normalized sized fires ranging
bet ween about 1 15kWcu. m to about 8 kWcu. m

16.  The system of any of claims 14 fo 16, wherein the mist further has a
property that is selected from the group consisting of:

(i) a majority of droplets having a diameter ranging from 1 to 10

15 microns;

(i) defines a total extinguishing volume of less than about 8 gallons
(8 gal.) for each 130 cu. m. (4590 cu. ft.) of enclosed space; and

(iii) an extinguishment time ranging from about 780 seconds to
about 80 seconds for normalized sized fires ranging between about 1

20 kW/cu. m. to about 8 kW/cu. m.



20. A net hod of assenbling a m st generating device, conprising the
steps of: form ng a base nenber containing first and
second fluid supply 20channel s; formng a funnel nenber
containing a bore, and axially and concentrically locating the funnel
menber on the base nember such that thdOBore communicates with the
second fluid supply channel; 110 form ng an el ongate plug
menber, and axially and concentrically attaching the plug nmenber to
t he base nmenber such that a portion of the plug nenber lies within

the bore and1@. sepofdtHdduithmBafisag®tédionabiiRidedes ReR 4 Qﬁbsﬁﬁﬁ%& ric

funnel and plug nmenbers; 5formng a cover nenber, the cover ne

having a firghcRRgy §ﬁ§@% ﬁgvﬁgg aevrapﬁl%eoftai@eééf %ﬁ%‘mﬁl&‘i’?ﬁ&emg%%ﬂieer S

and adapted to axi al ncentri cal ocate on se nenber,
t he cover nepher f her c 1 sing,a,second end having an outlet;
and attachi nré%t%%@ (ﬁébgp- magggéb £y @-Ne”b%g‘&%?r%‘ﬁﬁ%mp%@ﬂ- that a first
10fl uid passage is defined between an external surface of the funnel
menber and an’ i nt HFiRGIatLAY Qe Bt gRReadg deviseudisposaddin thespage farr st
fluid outlet of the first fluid passage and the second fluid outlet
comuni &at e dischargeeofaumisitiniofthe spacenibe atdedsd oneanist gheemnating deofcet he
cross sectional area of the first fluid outlet to the second fluid
outlet is betwmerisihg: 3 fiastdluld p@ssage having a first fluid inlet and a first fluid
outlet disposed about a longitudinal axis of the device; and a second fluid
passage having a second fluid inlet and a second fluid outlet through
which a second fluid passes, the second fluid passage disposed about the
10 longitudinal axis concentric with the first fluid passage, wherein the ratio of
the cross sectional area of the first fluid outlet to the second fluid outlet is
between 10:3 and 1:12; and
generating a liquid mist using the at least one mist generating
device including: delivering a liquid as the first fiuid to the first fluid inlet
15 through the first fluid passage for a discharge of the liquid from the first
fluid outlet; delivering a gas as the second fluid of to the second fluid inlet
of the device at an operating pressure ranging between about 2.1 bar (30
psi.) to about 24.1 bar (350 psi.) for gas flow through the second fluid
passage and discharge from the second fluid outlet to mix with the liquid
20 so as to form the mist; and distributing the mist throughout the enclosed

space, the distributing including discharging the liquid and the gas from

the mist generating device for a discharge time of at least ten minutes, the
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discharging the gas includes discharging the gas at a velocity of at least

sonic velocity.

18. The method of claim 18, wherein the first fluid outlet discharges the

liguid as an annulus.

19. The method of either claim 18 or claim 19, wherein the mist further
has a property that is selected from the group consisting of:

(i) a majority of droplets having a diameter ranging from 1 to 10
microns;

(i) defines a total extinguishing volume of less than about 8 gallons
(8 gal.) for each 130 cu. m. (4590 cu. ft.) of enclosed space; and

(iii} an extinguishment time ranging from about 780 seconds to
about 80 seconds for normalized sized fires ranging between about 1

kW/cu. m. to about 8 kW/cu. m.

20. A method of assembling a mist generating device, comprising the
steps of;

forming a base member containing first and second fluid supply
channels;

forming a funnel member containing a bore, and axially and
concentrically locating the funnel member on the base member such that

the bore communicates with the second fluid supply channel;
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forming an elongate plug member, and axially and concentrically
attaching the plug member to the base member such that a portion of the
plug member lies within the bore and a second fluid passage is defined
between the concentric funnel and plug members;

forming a cover member, the cover member having a first end
adapted to enclose the funnel and plug members, and adapted to axially
and concentrically locate on the base member, the cover member further
comprising a second end having an outlet; and

attaching the cover member to the base member such that a first
fluid passage is defined between an external surface of the funnel member
and an internal surface of the cover member, such that a first fluid outlet of
the first fluid passage and the second fluid outlet communicate with the
outlet of the cover member, and the ratio of the cross sectional area of the

first fluid outlet to the second fluid outiet is between 10:3 and 1:12.



