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Field of the Invention

10 This invention concerns fire suppression systems
using devices for emitting two or more extinguishing
agents in a flow stream projected away from the device

onto a fire.

15 Background of the Invention

Fire control and suppression sprinkler systems
generally include a plurality of individual sprinkler
heads which are usually ceiling mounted about the area
to be protected. The sprinkler heads are normally

20 maintained in a closed condition and include a
thermally responsive sensing member to determine when a
fire condition has occurred. Upon actuation of the
thermally responsive member, the sprinkler head is
opened, permitting pressurized water at each of the

25 individual sprinkler heads to freely flow therethrough
for extinguishing the fire. The individual sprinkler
heads are spaced apart from each other by distances
determined by the type of protection they are intended
to provide {(e.g., light or ordinary hazard conditions)

30 and the ratings of the individual sprinklers, as



Underwriters Laboratories, Inc., Factory Mitual Research Corp. and/or the
National Fire Protection Association. 5 In order to mnimze the delay
between thermal actuation and proper dispensing of water by the sprinkler
head, the t hat connects the sprinkler heads to the water source is,
in many |ME}§WE 343319t all 10 tinmes filled with water. BEIVESI04/QAEWN as a wet
system with the water being i medi ately available at the sprinkler head
upon its thermal actuation. However, there are many situations in which the
sprinkler systemis installed in an unheated area, such is as warehouses. In
those situations, if a wet systemis wused, and in particular, since the
water is not fHew mynedi bhimdusérpi ptarptsystrerinovegehoirs pachods of tine,

there is a dangﬁaemrltcla@sweg@ara%ww tﬂ;\% F' PESord,r f6ZiNG. This wi Il not
only adversely affect the 20 operation of the sprinkler system should the

sprinkl er heaBss¢arathépnnl |andderubiiedasiphel thigee Phayediddnce bl ockage
within the pipgssbutysych freezing, if extensive, can result in the
bursting of the pipes, thereby destroying the sprinkler system
Accordingly$ 25 in those situations, it is the conventional practice to

have the piping devgj ¢ gk any n%&@&ﬁiz&'%ﬂe”geiéf H%QQ:eeﬁCEHé’ﬁrIa‘id condi tion.

dy
This is known as a dry glre protection system 30 Wen actuat ed,
traditional spﬁFFW@RﬂonhéadsP¥Qﬂeéa§espQﬁS§pgayfcﬂaqﬁrréYsprreSS|ru;I i qui d,

such as mater1st@ﬁklé% head, the piping that connects the sprinkler

heads to the water source is, in many instances, at all

10 times filled with water. This is known as a wet
system, with the water being immediately available at
the sprinkler head upon its thermal actuation.
However, there are many situations in which the
sprinkler system is installed in an unheated area, such

15 as warehouses. In those situations, if a wet system is
used, and in particular, since the water 1s not flowing
within the piping system over long periods of time,
there is a danger of the water within the pipes
freezing. This will not only adversely affect the

20 operation of the sprinkler system should the sprinkler
heads be thermally actuated while there may be ice
blockage within the pipes but, such freezing, if
extensive, can result in the bursting of the pipes,
thereby destroying the sprinkler system. Accordingly,

25 in those situations, it is the conventional practice to
have the piping devoid of any water during its non-
activated condition. This is known as a dry fire

protection system.

30 When actuated, traditional sprinkler heads release

a spray of fire suppressing liquid, such as water, onto



WO 2008/ 057331 PCT/ US2007/ 022873 the area of the fire. The water spray,

whi | e sonewhat effective, has several disadvantages. The water droplets
conprising the spray are relatively large and w |l cause water damage to
the furnishings or goods in 5 the burning region. The water s/pra al so

exhi bits IWW‘%’@’&”"ﬁﬂdes of fire suppression. For exanpl ECTHSA0TEBTY  pei ng
conposed of relatively large droplets providing a small total surface area,
does not efficiently absorb heat and therefore cannot operate 10
efficiently to prevent spread of the fire by lowering the tenperature of
the anmbient air around the fire. Large droplets also do not block radiative
heat transfer téef eced v yhet hereby Tak| wmtiarg sphay f iwhd leosomsprhedd by this

node. The sprayefffgg:ﬁgeln?llracr;eg(g@grarlogi;%d@afrjtia {egntl%edifw?_gggce oxygen fromthe

anbi ent air aroun nor is there usually sufficient downward
monment um of t helrgpoptete®mPryisies cdwesphey smekee pdtume lyahdras taack t he base of

the fire. 20 Wrhythese di.sadvaniagesol oJididy; deulses, sych as, resonance

tubes, which atom ze a fire suppressing iqui n consi dered as
repl acenent $ f ¢he bpadindg agraliospr ikl eatdreatsay Resonanbébittbes use acoustic

energy, generatgd;by,apn, RICLE Ao %u?fv?@sss;lro%.25&“3‘@"&&1&8&@ agtd on between a
y, to qui i n)

gas jet and a cavity, atom ze a that 1's cfed into the region
near the resorsames, tiodbieanisemposdie ofcoebitiivednekamad siroptesent. 30

Unfortunately, grr%wg%qfﬁaets}.th?dg{tlalgcvg\é\@fgceesiagga9n(§ioesoggrtati onal node

general ly do not hav
efficiently absorb heat and therefore cannot operate

10 efficiently to prevent spread of the fire by lowering
the temperature of the ambient air around the fire.
Large droplets also do not block radiative heat
transfer effectively, thereby allowing the fire to
spread by this mode. The spray furthermore does not

1s efficiently displace oxygen from the ambient air around
the fire, nor is there usually sufficient downward
momentum of the droplets to overcome the smoke plume

and attack the base of the fire.

20 With these disadvantages in mind, devices, such as
resonance tubes, which atomize a fire suppressing
liquid, have been considered as replacements for
traditional sprinkler heads. Resonance tubes use
acoustic energy, generated by an oscillatory pressure

25 wave interaction between a gas jet and a cavity, to
atomize a liquid that is injected into the region near
the resonance tube where the acoustic energy is

present.

30 Unfortunately, resonance tubes of known design and

operational mode generally do not have the fluid flow



3 WD 2008/ 057331 PCT/ US2007/ 022873 characteristics required to be effective
in fire protection applications. The volune of flow fromthe resonance
tube tends to be inadequate, and the water particles generated by the

atom zation process have 5 relatively low velocities. As a result, these

wat er parvpgf"’ég’”??]e decel erated significantly w thin d8JHS2Y7E36 inches
of the sprinkler head and cannot overcone the plune of rising conbustion
gas generated by a fire. Thus, the water particles cannot get to the fire
source 10 for effective fire suppression. Furthernore, the water particle
Si ze generated by the atom zation is ineffective at reducing the oxygen
content to supptreggctaristrigsi feqhiereginbpelpe afdepet vt uime fiigebel ow 55C.

Addi tional |y, knawact esonanae cLubss T el I gbabt vely, Boharge gas vol urres

delivered at hi'gh pressure. This produces unstabl e gas i ch generates
significant acossonpocenangy tands separatesidquetredefidedther watgf aces across

which it t!'avelﬁérth%?ggr%%&é%akgngQ Qk@nétéﬁf%EkEéﬁi5¥bé§EstHQ éNater' 20
Systenms which use only an inert gas to extinguis afite also suffer
certain di s&dvaiftla§esely Neovpvehegitiedi sablyv antragel beitgseheateduction in

oxygen concent rahiQp; DECHISAkYe f Or HXH Q%‘x}ilsﬂlcénu}ﬂ%i_t'ﬁ%_ gﬁo@t?(‘%”p' e a

gaseous systemthat uses pure nitrogen w not extinguish flanmes until the
oxygen content %t lfhénchey @fi §hq 2sprgnklengreadTand oMEENPVat¢HIe i s

significantly lg3siha0n §he kRN sahec Do fafabbeetitid by a fire.
Thus, the water particles cannot get to the fire source
10 for effective fire suppression. Furthermore, the water
particle size generated by the atomization is
ineffective at reducing the oxygen content to suppress
a fire if the ambient temperature is below 55°C.
Additionally, known resonance tubes require relatively
15 large gas volumes delivered at high pressure. This
produces unstable gas flow which generates significant
acoustic energy and separates from deflector surfaces
across which it travels, leading to inefficient
atomization of the water.
20
Systems which use only an inert gas to extinguish
a fire also suffer certain disadvantages, the primary
disadvantage being the reduction in oxygen
concentration necessary to extinguish a fire. For
25 example, a gaseous system that uses pure nitrogen will
not extinguish flames until the oxygen content at the
fire is 12% or lower. This concentration is
significantly less than the known safe breathable limit
of 15%. Persons without breathing apparatus exposed to
30 an oxygen concentration of 12% have less than 5 minutes

before they lose consciocusness for lack of oxygen. At



of 15% Persons w thout breathing apparatus exposed to 30 an oxygen
concentration of 12% have less than 5 mnutes before they |ose
consci ousness for |ack of oxygen. At 4 WO 2008/ 057331 PCT/ US2007/ 022873
oxygen concentration of 10%6the exposure limt is about one mnute. Thus,
such syst @ 2YPE¥EH a hazard to persons trying to es®EFASHOINIEHL t he
fire. 5 There is clearly a need for a fire suppression system having an
atom zing emtter that can discharge both |iquid and gaseous extingui shing
agents and which operates nore efficiently than known resonance tubes.
Such an emtter would ideally use smaller volunmes of 10 gas at | ower
pressures to predoee sufdentrentorvolfulrds afhe akposwed limdui ds paoouiccl es havi ng
a smaller size i i outi ile i ntai ning_si.gnificant nonmentum upon
di scharge so tﬁéﬁg ﬁ%{é&% 'qu?gu%\gr “Fé‘rgés%%“f pégsé?r(‘:%r?efhfaﬁ%r%itroe smoke pl une
and be nore ef fpecsprve tatyingstdiesapuappr eSigshonthSurer.y of the I nvention The
i nvention concerns a fire suppression system conprising a gaseous
extingui shing agent and a liquid 20 extinguishing agent. At |east one
emtter is @sed to @beowd Ze ahekent raneed el kqfi bk exipprgsisisdi ng agent in
the gaseous ext]ngulshing.agent. and;disgharde the gdaseous and |iquid
ext i ngui shing agents ona“frre. A ga condurt - condict §1T AE Faseous
ext i ngui shi ng &geht 11qui2b anHegasadutserxt fgiiphngg nefemuskasonducths the |iquid
cont rol's: pross QPE AR riohn FRFE BrtpRerndr kb Feddhant 0% A5 Condu !

Such an emitter would ideally use smaller volumes of

10 gas at lower pressures to produce sufficient volume of
atomized ligquid particles having a smaller size
distribution while maintaining significant momentum
upon discharge so that the liquid particles may
overcome the fire smoke plume and be more effective at

15 fire suppression.

Summary of the Invention

The invention concerns a fire suppression system
comprising a gaseous extinguishing agent and a liquid
20 extinguishing agent. At least one emitter is used to
atomize and entrain the ligquid extinguishing agent in
the gaseous extinguishing agent and discharge the
gaseous and ligquid extinguishing agents on a fire. A
gas conduit conducts the gaseous extinguishing agent to
25 the emitter. A piping network conducts the liguid
extinguishing agent to the emitter. A first valve in
the gas conduit controls pressure and flow rate of the
gaseous extinguishing agent to the emitter. A second
valve in the piping network controls pressure and flow
30 rate of the liquid extinguishing agent to the emitter.

A pressure transducer measures pressure within the gas



gaseous extingui shing agent to the emtter. A second valve in the piping
network controls pressure and flow 30 rate of the liquid extinguishing agent
to the emtter. A pressure transducer neasures pressure within the gas 5
WO 2008/ 057331 PCT/ US2007/ 022873 conduit. A fire detection device is

posi ti oned"HIWKPTRtle to the emitter. A control system PSTIUS200gBRFAINI cati on
with the first and second val ves, the pressure transducer and the fire
detection device. The 5 control systemreceives signals fromthe pressure
transducer and the fire detection device and opens the valves in response
to a signal indicative of a fire fromthe fire detection device. The
control systemcoadtitat ed fhee fdatsictvah vievdoeass tppsitiintadn a 10

pr edet er mi ned f S t Lshi agent within the gas
conduit for op@%ggﬁﬁﬁﬁEgotkggE%ﬁ%??%f.qéfggg?%gﬁvggfﬁeggﬁf{ter conprises a
nozzl e havi ng cesmamidatlien eodrmedeedivit ntheegasi vehdest tewnstream of the -

first valve and go. out lgby A, ACL kS COMIGEt 6. 101 I UL g conmypi cation wi th
r (0]

t he pi pi ng net wistream  of the second valve. The duct has an exit
orifice positionedohdjyatent reaeitvee sigradts. fAodefHeeptresssr face 20 i s

posi ti oned fackng, L. QUELET . Ad SRaced L5l ati on,  dhergt g,  The def | ector
surface has a first surface “portion oriented substan ia??y perpendi cul arly
to the nozzl evahdes iSecendossm ftace poyndlonnppsativened adfiacent to the

first surface pohign 31d.O5l &Nlednnon, 25 PeERENAQYLET LYo i the nozzle. The
actuates the first valve so as to maintain a
10 predetermined pressure of the gaseous extinguishing
agent within the gas conduit for operation of the

emitter.

Preferably, the emitter comprises a nozzle having

15 an inlet connected with the gas conduit downstream of
the first valve and an outlet. A duct is connected in
fluid communication with the piping network downstream
of the second valve. The duct has an exit orifice
positioned adjacent to the outlet. A deflector surface

20 1s positioned facing the outlet in spaced relation
thereto. The deflector surface has a first surface
portion oriented substantially perpendicularly to the
nozzle and a second surface portion positioned adjacent
to the first surface portion and oriented non-

25 perpendicularly to the nozzle. The liquid
extinguishing agent is dischargeable from the orifice,
and the gaseous extinguishing agent 1is dischargeable
from the nozzle outlet. The liquid extinguishing agent
is entrained with the gaseous extinguishing agent and

30 atomized thereby forming a liquid-gas stream that



extingui shing agent is dischargeable fromthe orifice, and the gaseous
extingui shing agent is dischargeable fromthe nozzle outlet. The liquid
extingui shing agent is entrained with the gaseous extingui shing agent and
30 atom zed thereby formng a liquid-gas streamthat 6 WO 20081057331

PCT/ US200MB2Y87% %% npi nges on the deflector surface af§THUSBUIIRREY
therefromonto the fire. Preferably, the deflector surface is positioned so
5 that the gaseous extinguishing agent fornms a first shock front between
the outlet and the deflector surface, and a second shock front is forned
proximate to the deflector surface. The duct is positioned and oriented
such that the Hquhde%xviNgaigmihgiageﬂmrﬂm@ dng chlawgedwéyom t he exi t

orifice, is entraiped eous extingui shing agent proximte to one
of the shock f ttrhgnts ° 8e?$ectg§ surface may al so be positioned so that

shock di anonds forn1|n the i quid- gas stream 15 The invention also

enconpasses a net hogd, of. QR ra&hﬂ%teg&&gr%%P@%g SS{ 0 8?§§£&?%i}ge system has

an emtter conprising a nozzl e having an conn |"ui d
comuni cati 6n wiheli Bhereesserns zexk iSQui ekirgf ag@ngabmouss aextFstgui shi ng agent

and an outlet, Aoycten gonneetad Ln fluidacommngatien wth

pressurized source extingurs uct has an exit
orifice positiocnedaad] asm@hta secarve so-t:k @tnonA 1defdxer®tdopremrﬁaetcee is

posi tioned fac%%gtkgeaé¥¥éc%%righrface. The duct is positioned and
oriented such that the liquid extinguishing agent,

10 discharged from the exit orifice, is entrained with the
gaseous extinguishing agent proximate to one of the
shock fronts. The deflector surface may also be
positioned sc that shock diamonds form in the liquid-
gas stream.

15

The invention also encompasses a method of
operating a fire suppression system. The system has an
emitter comprising a nozzle having an inlet connected
in fluid communication with a pressurized source of

20 gaseous extinguishing agent and an outlet. A duct is
connected in fluid communication with a pressurized
source of liquid extinguishing agent. The duct has an
exit orifice positioned adjacent to the outlet. A
deflector surface is positioned facing the outlet in

25 spaced relation thereto. The method comprises:

(a) discharging the liquid extinguishing agent
from the exit orifice;

{b) discharging the gaseous extinguishing agent
from the outlet;

30 {c) establishing a first shock front between the

outlet and the deflector surface;



25 spaced relation thereto. The nethod conprises: (a) discharging the liquid
extingui shing agent fromthe exit orifice; (b) discharging the gaseous
extingui shing agent fromthe outlet; 30 (c) establishing a first shock
front between the outlet and the deflector surface; 7 W 2008/ 057331

PCT/ US2007Y 92989%331 §) establ i shing a second shock frofCTHSWHEEE to the
defl ector surface; (e) entraining the liquid extinguishing agent in the
gaseous extinguishing agent to forma liquid-gas s stream and (f)
projecting the liquid-gas streamfromthe emtter. The nethod may al so

i nclude establishing a to plurality of shock dianonds in the |iquid-gas
stream The |iquid(@ktigrjaibd hsmpagentecomy shecenfraitnedoxwnatte t he gaseous
ext i ngui shi ng e p i . of the shock fronts. 15 Brief

Descri ption ofq%hgkfxgﬁfﬁggggi%ﬁ?@%gi and 1A are schematic di agrans
illustrating exenpl aey eardodinemd shef ldgald eaxtngidhshgeagedt ri@ suppressi on
systems according Loec50, 118 s hOYEI AN £LOYGe cB.h o A:kpRgLiagdinal sectional
view of a high vellocity I'ow pressure emtter uséeéd 1n'tthe fire suppression
syst em show? i rétRiegur earid

(f) projecting the liquid-gas stream from the

emitter.

The method may also include establishing a

10 plurality of shock diamonds in the liquid-gas stream.

The liquid extinguishing agent may be entrained
with the gaseous extinguishing agent proximate to one
of the shock fronts.

15

Brief Description of the Drawings

Figures 1 and 1A are schematic diagrams
illustrating exemplary embodiments of dual
extinguishment fire suppression systems according to

20 the invention;

Figure 2 is a longitudinal sectional view of a
high velocity low pressure emitter used in the fire
suppression system shown in Figure 1;

25
Figure 3 is a longitudinal sectional view showing

a component of the emitter depicted in Figure 2;

Figure 4 is a longitudinal sectional view showing

30 a component of the emitter depicted in Figure 2;



25 Figure 3 is a longitudinal sectional view showi ng a conponent of the
emtter depicted in Figure 2; Figure 4 is a longitudinal sectional view
showi ng 30 a conponent of the emtter depicted in Figure 2; 8 WO

2008/ 057331 PCT/ US2007/ 022873 Figure 5 is a longitudinal sectional view
showi ng a WRAPEREAN of the emitter depicted in Figure ZCTUSPWHPRSE is a

| ongi tudi nal sectional view showing 5 a conponent of the emtter depicted
in Figure 2; Figure 7 is a diagramdepicting fluid flowfrom the emtter
based upon a Schlieren photograph of the emtter shown in Figure 2 in
operation; and 10 Figure B is a diagramdepicting predicted fluid flow for
anot her enbodi nent Bigutse Senf t2 drongbevdiradd sPestriat ivéaw oshawiagEnbodi nent s
15 Figure 1 illugbhalfshe bR Sehemmthey fQdNc88 ;£aRke dual extingui shment
fire suppression system 11 according to the invention. System 11 includes a
plurality of high velocity |ow pressure emtters 10, described in detai

bel ow. Emitters 10 pr&, ar ranged 1igaqa20,a: At @@&«hﬁ;naﬁl Rfﬁebw‘ﬂn one 13, the
system conprising one or nore such zones, each zone having its own bank of
emtters. For @l apppynerdnioy bne erdnéef datdstefibid Filgarei d; it being
understood that the description is applicable to additional fire hazard

zones as shown. 25 The emtters 10 are connected via a piping network
Figure 7 is a diagram depicting fluid flow from

the emitter based upon a Schlieren photograph of the
emitter shown in Figure 2 in operation; and
10
Figure 8 is a diagram depicting predicted fluid

flow for another embodiment of thé emitter.

Detailed Description of the Embodiments

15 Figure 1 illustrates, in schematic form, an
example dual extinguishment fire suppression system 11
according to the invention. System 11 includes a
plurality of high velocity low pressure emitters 10,
described in detail below. Emitters 10 are arranged in

20 a potential fire hazard zone 13, the system comprising
one or more such zones, each zone having its own bank
of emitters. For clarity, only one zone 1is described
herein, it being understood that the description is
applicable to additional fire hazard zones as shown.

25 |

The emitters 10 are connected via a piping network
15 to a source of pressurized liquid extinguishing
agent 17. Examples of practical liquid agents include
synthetic compounds such as heptafluoropropane (sold

300 under the tradename Novec™ 1230), bromochloro-

difluoromethane and bromotrifluoromethane. Water is



15 to a source of pressurized liquid extinguishing agent 17. Exanples of
practical liquid agents include synthetic conpounds such as

hept af | uor opr opane (sold 30 under the tradenanme Novecm 1230), bronochl oro-
di f 1 uoronet hane and bronotrifl uoronet hane. Water is 9 WD 2008/ 057331

PCT/ US200 M0 2098/9F3313] so feasible, and especially de-i o®CTAS2WINRB7X or use
near charged el ectrical equipnment. De-ionized water reduces electrical
arcing due to its I ow conductivity. 5 1t is preferred to control the flow of
liquid to each emtter 10 using individual flow control devices 71
positioned i mredi ately upstream of each emtter. Preferably the individual
control deviceslisncfedeitde, f hodv ekl b tige denrdoai séd alaner tor prsat ect the fl ow
io cartridge and th%gmetdt el_cLéCTh.e flow cartri dgs:e operates _aut ononously to

. nea T <] trical eguipment. —-TON1izZ er .
provi de a const ant OW rate over a - RN pressurle range And is useful to

conpensat e for redareateleErsrinalvadmringreéssurceiat ide coodonceiastywel | as
frictional head | oss due to long pipe runs and is intervening joints such as
el bows. Proper operation of the emtters, described below, is ensured by
controllingsthe fl oW ais eaelicered tter codttdlquihd €osu rodl liyalavecol9 nmay be used
to control the fl ow of

Lgueafddaubd, from, Lhe, sourge 17t the enitlers 10, with
fine control of 20 the"¥9%ow r &7 ¢ grranage Lbay the"i ndl i &ug‘f ¥9%w contr ol
devices 71. Thé&leppbtersredr émaddie ten yf hps thecomtineaxat icontweth a source of
pressuri zed gaseoys, gxt] ngul shi NG AYTNLRAL 01286 OGN ,9gs, condui t network
23. Candi dat e gaseous
flow cartridge and a strainer to protect the flow
10 cartridge and the emitter. The flow cartridge operates
autonomously to provide a constant flow rate over a
known pressure range and is useful to compensate for
variations in water pressure at the source as well as
frictional head loss due to long pipe runs and
15 intervening joints such as elbows. Proper operation of
the emitters, described below, 1s ensured by
controlling the flow at each emitter. A liquid control
valve 19 may be used to control the flow of liquid from
the source 17 to the emitters 10, with fine control of

20 the flow rate managed by the individual flow control

devices 71.

The emitters are also in fluid communication with
a source of pressurized gaseous extinguishing agent 21
25 through a gas conduit network 23. Candidate gaseous
extinguishing agents include mixtures of atmospheric
gases such as Inergen™ (52% nitrogen, 40% argon, 8%
carbon dioxide) and Argonite™ (50% argon and 50%
nitrogen) as well as synthetic compounds such as
30 fluoroform, 1,1,1,2,2-pentafluorcethane and

1,1,1,2,3,3,3-heptafluoropropane. The gaseous

10



extingui shing agents include m xtures of atnospheric gases such as |nergen”
(52% ni trogen, 40% argon, 8% carbon dioxide) and ArgoniteT" (50% argon and
50% nitrogen) as well as synthetic conpounds such as 30 fluoroform
1,1,1,2,2-pentaf| uoroethane and 1,1,1,2, 3,3, 3-heptafluo ane. The
gaseous WH8BH/ 057331 PCT/ US2007/ 022873 ext i ngui £ﬁif/r\1§2% 83 may be
mai nt ai ned i n banks of high- pressure cylinders 25 as shown in Figure 1.
Cylinders 25 may be pressurized up to 2,500 psig. For large systens which
require large volunes of gas, one or nore s |lower pressure tanks (about 350
psi g) having volunmes on the order of 30,000 gallons nmay be used.

Al ternately, Ieaitfg@gwicﬁhirms h@gﬁl pregskere ingaksed figr beraspdle BQ@hcubic feet

at a _pressure glggpﬁ:p%}l}algg% Ssgsbgh%eqh Hl%ﬂ,“ r%urt@ﬁf r‘anqgtl cal

enbodi nment , the i o gaseous gui shing agent may be
stored in a 5| ﬁQI@ayt@nmr?Sscmmnupotala 58/ psey.s FOri haedd of the fire

hazard zones 13ys¥ahyehi2h olaedld RJELS 2 uh@l SANST3haar&: i Bref erably

mai ntai ned in an open state T comunf cation a "high pressure nmanifold
29. Gas fl ow rdveeaneregprasstaeks r@hp@héfx@ansml diatvengheoga@scgndw t 23 are

controll ed by ngl %pd%r Q&sgge GP%a8905L Qla VQFV&%e gigg%&req in the conduit

23 downstream o pressure con s measdired by a
pressure transi(dmgerVCSBJmth@v\hairegsasreotatnh@ éfpt teeraspl® BH wdack fire hazard

zone 13 i's furtfier ont (QLLed bY@ kol o eRayr & 4Rue 354 dovpstr eam of the

pressure
further practical embodiment, shown in Figure 1A, the

10 gaseous extinguishing agent may be stored in a single
tank 73 common to all emitters 10 in all of the fire

hazard zones 13.

Valves 27 of cylinders 25 (or tank 73) are
15 preferably maintained in an open state in communication
with a high pressure manifold 29. Gas flow rate and
pressure from the manifold to the gas conduit 23 are
controlled by a high pressure gas control valve 31.
Pressure in the conduit 23 downstream of the high
20 pressure control valve 31 is measured by a pressure
transducer 33. Flow of gas to the emitters 10 in each
fire hazard zone 13 is further controlled by a low
pressure valve 35 downstream of the pressure
transducer.
25
Each fire hazard zone 13 is monitored by one or
more fire detection devices 37. These detection
devices operate in any of the various known modes for
fire detection, such as sensing of flame, heat, rate of
30 temperature rise, smoke detection or combinations

thereof.
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transducer. 25 Each fire hazard zone 13 is nonitored by one or nore fire
detection devices 37. These detection devices operate in any of the various
known nodes for fire detection, such as sensing of flane, heat, rate of 30
tenperature rise, snoke detection or conbinations thereof. WO 2008/ 057331
PCTI US200 MOPIE13I31The syst em conmponents thus descri be§CHUE2VHEPhat ed and
controlled by a control system 39, which conprises, for exanple, a

m croprocessor 41 s having a control panel display (not shown), resident
software, and a programmable | ogic controller 43. The control system
comuni cates with the system conponents to receive information and issue
control commands as follows. 10 Each cylinder valve 27 is nonitored as to

its status (open of,clQsedy Dy RnSHPE M 0YsLPGR AT Lhat  communi cates
i :

with the mcroprocessor “41, Ich provides a visual indication of the
cyli nder val vecspat urateds apflgednt rodhed dby wakortu®l isysak®o39.n comuni cati on

Wi th mcroprocgsspr Mis@sa gomunical i an L Lpe, 47 icy allows the valve —
19 to be nonitored dﬁ%ﬁgbﬁt?blfed ?Qgede% and %ﬁ%ﬁgé%ghy the contro
system Si misl abRying gasopdnpt opanegd| desgk e dratingfcatrds wesbdate control 20

systemvia a cqupupi £at 1.8 Li f&A%mm@0fk tRG Ei Lone dohect bon deyi ces 37 al so
comuni cate with the control "~ systemvia conmunication |ines 51. The
pressure control system communicates with the system components

to receive information and issue control commands as
follows.

10

Each cylinder valve 27 is monitored as to its
status (open or closed) by a supervisory loop 45 that
communicates with the microprocessor 41, which provides
a visual indication of the cylinder valve status.,

15 Liquid control valve 19 is also in communication with
microprocessor 41 via a communication line 47, which
allows the valve 19 to be monitored and controlled
(opened and closed) by the control system. Similarly,
gas control valve 35 communicates with the control

20 system via a communication line 49, and the fire
detection devices 37 also communicate with the control
system via communication lines 51. The pressure
transducer 35 provides its signals to the programmable
logic controller 43 over communication line 53. The

25 programmable logic controller is also in communication
with the high pressure gas valve 31 over communication
line 55, and with the microprocessor 41 over

communication line 57.

30 In operation, fire detectors 37 sense a fire event

and provide a signal to the microprocessor 41 over

12



transducer 35 provides its signals to the progranmable [|ogic controller 43
over communi cation line 53. The 25 progranmable |logic controller is also in
comuni cation wth the high pressure gas valve 31 over conmunication |[|ine
55, and wi.ith the m croprocessor 41 over conmunication line 57. 70 In
operati on VP P¥&Yetlect ors 37 sense a fire event and pPEFUIRE BBFhal to the
m cr oprocessor 41 over 12 WO 2008/ 057331 PCT/ US2007/ 022873 comuni cati on
line 51. The microprocessor actuates the logic controller 43. Note that
controller 43 nmay be a separate controller or an integral part of the high
pressure control valve 31. The logic controller 43 5 receives a signal from
t he pressure tﬂéﬂ@@ﬂt@#tiyﬁ viige Tlommiihe owitdroRrrPEaes B3 aichdated ithe of t he

pressure in theogasceanduit, 23, Thelogis cantrol 18 (43-9pans L he high

pressure gas va I"e@ 't he i croprocessor 41 opens e gas contro
val ve 35 and th@pbrqu¢cbqn§mpﬂb¢rva1ve lﬁkeg;a&spﬂgtﬂééﬁéethvwiconnunlcatlon

lines 49 and 47 es?ﬁ??QHﬁmﬁ%ﬁiO %h?@hng qu ggqg&&§§5§625??nd liquid

ext i ngui shi ng ében rom source are t ernltt ow t hrough gas
conduit 23 a&nd Hdeicguives pi pilggal néltqmrthelﬁrersesslpectraﬂ“edq;lcepr eferieed liquid 1s

extingui shi ng ac%%kn%ae%lso%b%lﬁgrsjo QBEEaPRPJ el of) %gédrestsﬂ?ee thers 10 is

bet ween about 1 psig as descri bel ow. he flow
cartridges or Qﬁhepon@mUhZBlomﬁmadKn@b davnméée?14hunwmalnh¢HegmeqU|red

liquid flow raepe:eslﬂ?e 4l Qza?@@tﬁlo'»Jh?'ieA@‘neOPn‘? 355540 K3l ¥E Hels0 Mai ntain

the correct pressure of” gase
the gas control valve 35 and the liquid control valve

10 19 using respective communication lines 49 and 47.
Gaseous extinguishing agent from tanks 25 and liquid
extinguishing agent from source 17, are thus permitted
to flow through gas conduit 23 and liquid piping
network 15 respectively. Preferred liquid

15 extinguishing agent pressure for proper operation of
the emitters 10 is between about 1 psig and about 50
psig as described below. The flow cartridges or other
such flow control devices 71 maintain the required
liquid flow rate. The logic controller 43 operates

20 valve 31 to maintain the correct pressure of gaseous
extinguishing agent (between about 29 psia and about 60
psia) and flow rate to coperate the emitters 10 within
the parameters as described below. For a 1/2 inch
emitter tests show nitrogen supplied at preséure of 25

25 psi and a flow rate of 150 scfm is effective.

The dual extinguilshing agents discharged by the
emitters 10 work together to extinguish the fire in the
presence of an oxygen concentration ¢of no lower than

30 15%. This 1is significantly better than various gas

only systems such as those which use nitrogen and

13



extingui shing agent (between about 29 psia and about 60 psia) and flow rate
to operate the emtters 10 within the paraneters as described bel ow. For a
1/2 inch emtter tests show nitrogen supplied at pressure of 25 25 psi and
aflowrate of 150 scfmis effective. The dual extinguishing agents

di schar gedV®y AT eni tters 10 work together to exti ngd’Fgﬂjsg‘Wé/%Wﬁe in the
presence of an oxygen concentration of no lower than 30 15% This is
significantly better than various gas only systens such as those which use
nitrogen and 13 WD 2008/ 057331 PCT/ US2007/ 022873 require a reduction of
oxygen concentration of 12% or |ower before the fire will be extinguished.
It is advantagegusre o2 reeducaion aof oxygen @ogerntaitdroefot2ttor | east 15%i f

possibi e, as 19%ks .knamnsate evsh A8 proviges aipreathabl e

at nosphere. In action, aseous extinguishrng agent reduces the fire
pl une tenperatagventagedhes ¢pri hdbelaiadpabatioent eopegrdairateonfof tate fire. (This

|'s the temperatyrg ai phichcle fires whil el fnextingul sdy lhaddition to
| owering the io fire pl ume "t enperdture, the gaseous conponent acts to
decreases t e mrpgefeeondarethtlhlon aggopehdre.Thénldqiiod, ekei ngui shing agent

acts as a heat j5iak,10 AN NEAL sobhomddecti th. And L hensby suppress It

15 Upon sensing that t iIre 1's extinguis the croprocessor 41 closes
the gas and |i queingevatwess t35thandritdcadnabiave th ogi empegnatpot |&r 43 cl oses the

hi gh pre.ssuret%%”gﬁi’é. Va('frﬁs?’%s dtmetgﬁ%ﬂé{aoc'ur%yﬁemi%% t§QNE{ ues to nonitor
all the fire hazard zones , an
will self-extinguish.) In addition to lowering the
10 fire plume temperature, the gaseous component acts to
decreases the oxygen concentration as well. The liquid
extinguishing agent acts as a heat sink to absorb heat

from the fire and thereby suppress it.

15 Upon sensing that the fire is extinguished, the
microprocessor 41 closes the gas and liquid valves 35
and 19, and the logic controller 43 closes the high
pressure control valve 31. The control system 39
continues to monitor all the fire hazard zones 13, and

20 1in the event of another fire or the re-flashing of the

initial fire the above described sequence 1s repeated.

Figure 2 shows a longitudinal sectional view of a
high velocity low pressure emitter 10 according to the
25 invention. Emitter 10 comprises a convergent nozzle 12
having an inlet 14 and an outlet 16. Qutlet 16 may
range in diameter between about 1/8 inch to about 1
inch for many applications. 1Inlet 14 is in fluid
communication with a pressurized supply of gaseous
30 extinguishing agent, for example, the cylinders 25 (see

also Figure 1), that provides the gaseous extinguishing

14



20 in the event of another fire or the re-flashing of the initial fire the
above described sequence is repeated. Figure 2 shows a | ongitudi nal
sectional view of a high velocity |ow pressure emtter 10 according to the
25 invention. Em tter 10 conprises a convergent nozzle 12 having an inlet
14 and an WQPWOSBE! Cutlet 16 may range in dianeter RGREBHPTABHIE 1/8 inch
to about 1 inch for many applications. Inlet 14 is in fluid comunication
with a pressurized supply of gaseous 30 extinguishing agent, for exanple,
the cylinders 25 (see also Figure 1), that provides the gaseous

extingui shing 14 WO 2008/ 057331 PCT/ US2007/ 022873 agent to the nozzle at a
predet erm ned presgurte amel rfdzewerat e piredeseadvadt pyeous et ha@ the nozzle 12

have a curved covergent janer  surface 20, ald haughoothen, ghapes, such as

a linear tapered sur ace, are af asi b ector surface 22 is
positioned in sqaanededapam\tengehaumr\msuhfam 2Nozzlehdh atgep 24 being

est abl i shed bety\ga% he deflect Q_rm &gﬁg&\gutrl}g ;0 a(quzzzfllgooutlet The gap

may range in size bet ween about es 10 about” 3/ & Thches. The

defl ector suff atsasi®2eis held in spaced relation fromthe nozzle by one or
nore support |legs 26. 15 Preferably, deflector surface 22 conprises a flat
surface portion 28 substantially aligned with the nozzle outlet 16, and an
angl ed surface portiArode8Dectoontshgliots 2% th pardtdaneduidispgcetie flat portion.

Flat portion 28,45 substafytiakhy.RerRendlcd arn Q. the 1935,
established between the deflector surface and the

10 nozzle outlet. The gap may range in size between about

1/10 inches to about 3/4 inches. The deflector surface

22 is held in spaced relation from the nozzle by one or

more support legs 26.

15 Preferably, deflector surface 22 comprises a flat
surface portion 28 substantially aligned with the
nozzle outlet 16, and an angled surface portion 30
contigquous with and surrounding the flat portion. Flat
portion 28 1is substantially perpendicular to the gas

20 flow from nozzle 12, and has a minimum diameter
approximately equal to the diameter of the outlet 16.
The angled portion 30 is oriented at a sweep back angle
32 from the flat portion. The sweep back angle may
range between about 15° and about 45° and, along with

25 the size of gap 24, determines the dispersion pattern

of the flow from the emitter.

Deflector surface 22 may have other shapes, such
as the curved upper edge 34 shown in Figure 3 and the
30 curved edge 36 shown in Figure 4. As shown in Figures

5 and 6, the deflector surface 22 may also include a
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20 flow fromnozzle 12, and has a m ninum di aneter approxi mately equal to
the dianmeter of the outlet 16. The angled portion 30 is oriented at a sweep
back angle 32 fromthe flat portion. The sweep back angle may range

bet ween ahout 15 _and about 45 and, along with 25 the size of ag 24,

det er ni nes"PRYEAYSpersi on pattern of the flow fromt hé’cérfﬁstz?og/lo.zsﬁf | ect or
surface 22 may have ot her shapes, such as the curved upper edge 34 shown in
Figure 3 and the 30 curved edge 36 shown in Figure 4. As shown in Figures 5
and 6, the deflector surface 22 may also include a 15 WD 2008/ 057331

PCT/ US2007/ 022873 cl osed end resonance tube 38 surrounded by a flat portion
40 and a swept dackd anmglw=dopente ormbe2 3 Rujicandsy eyt aafdarved portion 44

(Figure 6). Th oqitqgﬁt@ds \?%thbgf:kt haqqll%%ogg £ nca;\éiky%(g@rye be

approxi mat el y equal to t ead?a ter of outlet 16. Wth reference again to
Figure 2, an arfuleara ehammsepronbigurdolfiteireorzl e Me diaarber &6 is in fluid

2, an arh | e s s in flu
communi cat | on Wdhyaoprassurlaedhdd i sUpR) e Lokl exampl e, the Liqu

ext i ngui shi ng agent source ure 1 that p es t liquid

ext i ngui shi g agent teothchaighanberofabtunler ddet er mi ned pressure and fl ow
rate. A plurality of ducts 50 extend fromthe chanber 46. Each duct has an
exit orifice 52 positioned 1s adjacent to nozzle outlet 16. The exit
orifices have a di dieherefeireabeurgain32oj Ridvreo2abautani@airnch. Preferred

di stances betwegp e ﬁ@f&?&ogl’f&é flozb8eans, (EnBXL L @Niisf 85 p% range

bet ween about 1/64 inc
communication with a pressurized liquid supply, for

10 example, the liquid extinguishing agent source 17 of
Figure 1 that provides the liquid extinguishing agent
to the chamber at a predetermined pressure and flow
rate. A plurality of ducts 50 extend from the chamber
46. Each duct has an exit orifice 52 positioned

15 adjacent to nozzle outlet 16. The exit orifices have a
diameter of about 1/32 inch to about 1/8 inch.
Preferred distances between the nozzle outlet 16 and
the exit orifices 52 range between about 1/64 inch to
about 1/8 inch as measured alcong a radius line from the

20 edge of the nozzle outlet to the closest edge of the
exit orifice. Liquid extinguishing agent flows from
the pressurized supply 17 into the chamber 46 and
through the ducts 50, exiting from each orifice 52
where it is atomized by the flow of gaseous

25 extinguishing agent from the pressurized gas supply
that flows through the nozzle 12 and exits through the

nozzle outlet 16 as described in detail below.
Emitter 10, when configured for use in a fire

30 suppression system, is designed to operate with a

preferred gas pressure between about 29 psia to about

16



about 1/8 inch as neasured along a radius line fromthe 20 edge of the
nozzle outlet to the closest edge of the exit orifice. Liquid extinguishing
agent flows from the pressurized supply 17 into the chanber 46 and through
the ducts 50, exiting fromeach orifice 52 where it is atom zed by the fl ow
of gaseousW2F'EHTHYui shing agent fromthe pressurized HYEURAHIRIBT3 t hat
flows through the nozzle 12 and exits through the nozzle outlet 16 as
described in detail below Emtter 10, when configured for use in a fire 30
suppression system is designed to operate with a preferred gas pressure
bet ween about 29 psia to about 16 WO 2008/ 057331 PCT/ US20071022873 60 psi a
at the nozzl e if0 @sipgasneher norefer et Lquint aeprehguishiliguagent pressure

bet ween about 1_psi - 5 | Q. .. 5 eration of the
emtter 10 is d%£%¥?%§gqﬁf€ﬁﬂﬂﬁgf f%%%%etgeﬁ%%%fgg9é€h%éﬁggsagédramﬁng based
upon Schl i er enalphist 6§r aphd cirawhbylsés 46f. an operating emtter. 10 Gaseous
extingui shing agent 85 exits the nozzle outlet 16 at about Mach 1 and

i npi nges on the deflector surface 22. Sinultaneously, liquid extinguishing
agent 87 i s5di schargpedaf romadxiche ognifftiteesl®2is W8skntlpgdactiitbn bet ween t he

gaseous exti ngujshi a : a , flector surface 22 establishes a
first shock fro%% gﬁgtg§2%u$%8 2%%%?% ggt?eIaféngn%asTﬁéwagflector surface
22. A shock fro$thlieranr piptoryrephi¢|owlysanset iapnobpeomisyper sonic to
subsonic vel oCi{Y;irer.

10 Gaseous extinguishing agent 85 exits the nozzle
outlet 16 at about Mach 1 and impinges on the deflector
surface 22. Simultaneously, liquid extinguishing agent

87 is discharged from exit orifices 52.

15 Interaction between the gaseous extinguishing
agent 85 and the deflector surface 22 establishes a
first shock front 54 between the nozzle outlet 16 and
the deflector surface 22. A shock front is a region of
flow transition from supersonic to subsonic velocity.

20 Liquid extinguishing agent 87 exiting the orifices 52
does not enter the region of the first shock front 54

in this mode of operation of the emitter.

A second shock front 56 forms proximate to the
25 deflector surface at the border between the flat
surface portion 28 and the angled surface portion 30.
Liquid extinguishing agent 87 discharged from the
orifices 52 is entrained with the gaseous extinguishing
agent 85 proximate to the second shock front 56 forming
30 a liquid-gas stream 60. One method of entrainment is

to use the pressure differential between the pressure
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20 Liquid extinguishing agent 87 exiting the orifices 52 does not enter the
region of the first shock front 54 in this node of operation of the
emtter. A second shock front 56 forns proximate to the 25 deflector
surface at_the border between the flat surface portion 28 and the angl ed
surface poVPi2§§/°8831 Liqui d extingui shing agent 87 di sAf/YBNREH t he
orifices 52 is entrained with the gaseous extingui shing agent 85 proxi mte
to the second shock front 56 formng 30 a |iquid-gas stream 60. One net hod
of entrainnment is to use the pressure differential between the pressure 17
WO 2008/ 057331 PCT/ US2007/022873 in the gas flow jet and the anbi ent. Shock
di anonds 58 foimthe gaseflon jakoagd ttihe angled .poshookn BGmohbe Shock

di anonds bei ng i.ne ithin_the liquid- st ream 60, ic rojects
outwardly and d(g)%malgdgy%é%nq F%ggg Sth%masgg%g rélgﬁogci(g &:Mél’nﬁﬁ%@( are al so
transition regivmwndst heerny swpéinahdvisbbbsorhe Mfihgowdved oGitrgaand are the

result of the g flaow beicp (%ve(rjgépaaréqed as Cic;twn.w%r(%i%z ttrhe ngzzl e.

, which. .
Over expanded fl ow dJeslgpl e F I Bw rreglyn%nmherel S ernal pressure

(i.e., the aibientttkq.at Nos pieckcd paressidr ere mlishi srgase)idns hi gher than the
gas exit pressure at the nozzle. This, produces qblique .shock waves which
reflect fromthe Tree P%Fwebeonuﬁag?f/ Y sﬁg?%?lncg f'(t1 g ?%oc[&ge{a{,\%en t he

| i qui d- gas st rearm Gheandsulthe fanbe eqs efﬂmskpdfﬁefgeov&*hexmidemes shock waves
are 1s reflected tos\l\l%lhd one .anot her_tao Cégﬁteﬁéwh%eéQP%es %I %qdeS-

Si gni ficant sheat Forces af e produced iR
regime wherein the external pressure (i.e., the ambient
10 atmospheric pressure in this case) is highexr than the
gas exit pressure at the nozzle. This produces oblique
shock waves which reflect from the free jet boundary 89
marking the limit between the liquid-gas stream 60 and
the ambient atmosphere. The oblique shock waves are
15 reflected toward one another to create the shock

diamonds.

Significant shear forces are produced in the
liquid-gas stream 60, which ideally does not separate
20 from the deflector surface, although the emitter is
still effective if separation occurs as shown at 60a.
The liquid extinguishing agent entrained proximate to
the second shock front 56 is subjected to these shear
forces which are the primary mechanism for atomizaticn.
25 The liquid extinguishing agent also encounters the
shock diamonds 58, which are a secondary source of

atcmization.
Thus, the emitter 10 operates with multiple

30 mechanisms of atomization which produce liquid

particles 62 less than 20 um in diameter, the majority
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| i qui d-gas stream 60, which ideally does not separate 20 fromthe deflector
surface, although the emtter is still effective if separation occurs as
shown at 60a. The liquid extinguishing agent entrained proximate to the
second shock front 56 is subjected to these shear forces which are the
primary me¥RAMBON3BLr atomi zation. 25 The |iquid exti n$iTéH2g/03&ht al so
encounters the shock di anonds 58, which are a secondary source of

atom zation. Thus, the emtter 10 operates with multiple 30 nechanisns of
atom zation which produce liquid particles 62 | ess than 20 pmin dianeter,
the mpjority 16 WO 2008/ 057331 PCT/ US2007/ 022873 of the particles being
nmeasured at | essf tthanpd Ot prhesTheisgralelenrelt g3l éessarmmarbddyamt in air. This

characteristic 4ld oue,them Lo DRl bl BLRIOX Mt ysk0 the fire source for
greater fire suppression etffect. s Furthernore, the particles maintain
significant dovirawacde posteirnt ahloas | hamngo triwe dtiagni pegasisyr eamB0 to

overcone the rigsjing SQLFgg LQJJ égggysrt ifq@ega\gp srers(g%rllt g froma fire.
e -

Measurenents show th I qui as stream I'ng a velocity of about 7,000
ft/mn 18 i rchedfthemmdfe t Heneepittierlesandimtaiel ocot yfigramat er than 1, 700

ft/mn 8 feet fromthe emtter. The flo roamthe emtter i observed to
i npi nge on the 4(1wg‘8'ratr§fm?rﬁeéltﬁlglbn?}ﬂ&v%l?c#g i]tl 'uéLgo oF ated T % tso\/veep back
angl e 32 of theangled tiportisang3@lwfe bliecaefisedborgsiasf aeeullimpy ovi des i s

significant C°”£&$1a0¥?rth eEQSLgﬁggsaggé§1§é QEq&ﬁﬁngi%%LQ&Qas stream 60.
I ncl uded angl es o about© 12
having a velocity of about 7,000 ft/min 18 inches from
10 the emitter, and a velocity greater than 1,700 ft/min 8
feet from the emitter. The flow from the emitter is
observed to impinge on the floor of the room in which
it is operated. The sweep back angle 32 of the angled
portion 30 of the deflector surface 22 provides
15 significant control over the included angle 64 of the
liguid-gas stream 60. Included angles of about 120°
are achievable. Additional control over the dispersion
pattern of the flow is accomplished by adjusting the
gap 24 between the nozzle outlet 16 and the deflector

20 surface.

During emitter operation it is further observed
that the smoke layer that accumulates at the ceiling of
a room during a fire is drawn into the stream of
25 gaseous extinguishing agent 85 exiting the nozzle and
is entrained in the flow 60. This adds to the multiple
modes of extinguishment characteristic of the emitter

as described below.

30 The emitter causes a temperature drop due to the

atomization of the liquid extinguishing agent into the
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are achi evable. Additional control over the dispersion pattern of the flow
is acconplished by adjusting the gap 24 between the nozzle outlet 16 and
the deflector 20 surface. During emtter operation it is further observed
that the snoke |ayer that accunulates at the ceiling of a roomduring a
fireis dr‘é(@r?oqsf?t%‘”c he stream of 25 gaseous exti ngui shifJ/EBeHO2B3 exiting
the nozzle and is entrained in the flow 60. This adds to the nultiple

nodes of extingui shment characteristic of the emtter as described bel ow.
30 The emtter causes a tenperature drop due to the atom zation of the

| i qui d extingui shing agent into the 19 WO 2008/ 057331 PCT/ US2007/ 022873
extrenely smal |leyaemetl esrdldepadesbeld bedeabinser ibhd sabatgsor Bsiheat and hel ps

m Ui gate spread,afo,6oMust Iam Il fliaueole IJubd sxtingulshing agent
entrained in the flow o gaseous exti naw shi'ng agent reprsace the oxygen 5
in the roomw tThegddes ¢haltiquadnettingppenine @igenst ¢myraifgadt hertiexygen

depl et ed gases {y)[ e fOLIBAF LOE IS | AYSE: L0BT,0S SRl LAARM 1N the f1ow

al so contributes to e oxygen starvat t ire. served,
however, that tie thrygeom|vaitdl ghpes Héatoomviiesaepphet ivmbrstier. i s depl oyed

does not drop bgl,QyW.abguy e]n504’e]p(1)—g€?%!§iagg%gicrﬁ)s(t leNgULSNi NG ,30EREParti cles and

the entrained snoke create a radi ati ve heat transfer from
the fire, thus,later ghet ngs soteadned ivonbesiliconabyo ¢dritsilpodes ofo heat

transfer. The mindng god ihe Le:bhrhulapce; 5 eated; by, dhe ggitter also helps

| ower the
however, that the oxygen level in the room where the

10 emitter is deployed does not drop below about 15%. The
liquid extinguishing agent particles and the entrained
smoke create a fog that blocks radiative heat transfer
from the fire, thus, mitigating spread of combustion by
this mode of heat transfer. The mixing and the

15 turbulence created by the emitter also helps lower the

temperature in the region around the fire.

The emitter is unlike resonance tubes in that it
does not produce significant acoustic energy. Jet
20 noise (the sound generated by air moving over an
cbject) is the only acoustic output from the emitter.
The emitter's jet ncise has no significant frequency
components higher than about 6 kHz (half the operating
frequency of well known types of resonance tubes) and

25 does not contribute significantly to atomization.

Furthermore, the flow from the emitter is stable
and does not separate from the deflector surface (or
experiences delayed separation as shown at 60a) unlike

30 the flow from resonance tubes, which is unstable and
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tenperature in the region around the fire. The emtter is unlike resonance
tubes in that it does not produce significant acoustic energy. Jet 20 noise
(the sound generated by air noving over an object) is the only acoustic
output fromthe emtter. The emtter's jet noise has no significant
frequency WEBAS®ABAL s hi gher than about 6 kHz (hal f th&@@Pe28R708873 f r equency
of well known types of resonance tubes) and 25 does not contribute
significantly to atom zation. Furthernore, the flow fromthe emtter is
stable and does not separate fromthe defl ector surface (or experiences
del ayed separation as shown at 60a) unlike 30 the flow fromresonance tubes,
whi ch i s unst ab$epaanrdes20rdDt2008¢ 0£381 POITAIS200Mi 22843 ngsepar ates from
t he defl ector su J&cl%,ie;]puas Olmeiezuaj'k%rl%ntor ivnneffi %i ent tac'gmoirga zilt]inon or even | oss
of atonization. Anothar  em 11 arcehbodinSne” 105 §T showh 4o B gure s 8.
Emtter 101 has ducts 50 that are angularly oriented toward the nozzle 12.
The ducts are angul arly, ordented Lo direct idie Liguid extingyishing agent
87 toward the gaseous extingui shi ng ageni1 s6°ag 10 Entrain the l'iquid
in the gas psox8 matEaitoet DY ihast difkssiROckhdtr @ Brhguldrliys bel i eved t hat
this arrangenent . w.l| add anot her gi of, afom zation,in the
creation of theCtj l|ecr|]utieg- g%‘"éa%ﬁtggn?%ﬁelﬁr é?éc?%& FP%%St%ree aélﬁf%?lgry 11. 15 Fire
suppr essi on systemmtesi hg @melctetise andjuddadx tiexii ngims gegtagent s accor di ng
to the invention achi eye multiple fire gxtin ui %hggnt rmd%s whi ch are wel |

toward € gaseous' extingulshilng en so as to

entrain the liquid in the gas proximate to the first

10 shock front 54. It is believed that this arrangement
will add yet another region of atomization in the
creation of the ligquid-gas stream 60 projected from the

emitter 11.

15 Fire suppression systems using emitters and dual
extinguishing agents according to the invention achieve
multiple fire extinguishment modes which are well
suited to control the spread of fire while using less
gas and liguid than known systems which use water.

20 Systems according to the invention are especially

effective and efficient in ventilated fire conditions.
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suited to control the spread of fire while using less gas and |liquid than
known systens which use water. 20 Systens according to the invention are
especially effective and efficient in ventilated fire conditions. 21 \Wat
is clainmed is: 1. Afire suppression system conprising: a gaseous

extingui shing agent; a liquid extinguishing agent; at |east one emtter for
atom zing and entraining said liquid extinguishing agent in said gaseous
ext i ngui shing agent and di schargi ng said gaseous and |iquid extinguishing
agents on a fire: a gas conduit conducting said gaseous extingui shing agent
to sai d eWhattieelaimed ipi pi ng network conducting said |iquid extinguishing
agent to said emtter; a first valve in said gas conduit controlling
pressure and flow rate of said gaseous extinguishing agent to said enmtter;

a second NalveAﬁnegﬁbamﬁbpgﬁ@anbw@ﬁmngpntroIIing pressure and flow rate of
said liquid extinguishing agent to sard emtter; a pressure transducer
measur i ngt s QriEngnishHigraeedi d gas conduit; a fire detection device

posi ti oned: proxj : id emtter, said emtter conprising: a nozzle
havi ng a%ﬂfﬁwgéhgﬁgﬁgﬁggg ‘et and an unobstructed bore therebetween, said
outl et halastgna eoiiteemedreatomizaigthnd Rhedinia@Raid diged entihguisangaggasineaiadui t

downstream of said first valye;, a duct connected in, fluid comunication
with sai AP ﬁﬁl%@t%swgaﬁmﬁwmm sa g@eowgmu@eﬂx\t)&@gwg}mam@t havi ng
an exit ofiffige positioned adjacent to said nozzle outlet; a deflector
surface positioned facing said nozzle outlet, said deflector surface being
posi t i onedgas sosiceddyceing sdid gascouseitigmorng egentitol seid @mittehavi ng a first
surface por.tion

per pendi cﬂﬁ'ﬁ'ﬂ’g)?ettwﬁ?'gaé‘giw s\%idilrl‘ag'ﬁﬂ %g{néﬁgﬁagééeg?ﬁ@é‘@ tf%g%i 2{J|r 1¥ace portion
conpr i si ngfirgiyaiidh gid eus Eaiait SumtFQNMhrBguReaind flowatite cTUhiiaggousai d f1 at
surface having a wetted area defined by a m ni num di anet er
extinguishing agent to said emitter;
a second valve in said piping network controlling pressure and flow rate of said liquid
extinguishing agent to said emitter;
a pressure transducer measuring pressure within said gas conduit;
a fire detection device positioned proximate to said emitter, said emitter comprising:
a nozzle having an inlet and an outlet and an unobstructed bore therebetween, said outlet
having a diameter, said inlet connected with said gas conduit downstream of said first
valve;
a duct connected in fluid communication with said piping network downstream of said
second valve, said duct having an exit orifice positioned adjacent to said nozzle outlet;
a deflector surface positioned facing said nozzle outlet, said deflector surface being
positioned in spaced relation to said nozzle outlet and having a first surface portion
comprising a flat surface oriented substantially perpendicularly to a gas flow from said
nozzle and a second surface portion comprising an angled surface surrounding said flat
surface, said flat surface having a wetted area defined by a minimum diameter
approximately equal to said outlet diameter; and
a control system in communication with said first and second valves, said pressure
transducer and said fire detection device, said control system receiving signals from said

pressure transducer and said fire detection device and opening said valves in response to

a signal indicative of a fire from said fire detection device.
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approximately equal to said outlet dianeter; and a control systemin

comuni cation with said first and second val ves, said pressure transducer
and said fire detection device, said control systemreceiving signals from
said pressure transducer and said fire detection device and opening said
valves in response to a signal indicative of a fire fromsaid fire
detection device. 22 2. A systemaccording to claiml, further conprising: a
plurality of conpressed gas tanks conprising a source of pressurized gaseous
extingui shing agent; and a high pressure manifold providing fluid

comuni cation between said conpressed gas tanks and said gas conduit

upstream of SaAg%sftérﬁﬁéco ‘ﬂl‘%% clé)’m f‘t&%l?e%%%@dﬁ rd| ng to claiml, further

conprising a flow con ositron % said pi pi ng network between

sai d em t4 pluratindo fS@hpreesiond tahah \t@mprﬂsmg% sousdeaNpaseatdl Rgsebas cl ai m 3,
wherein said flow control device conprises a flow cartridge. 5. A system

accordlngmﬁ@gwﬁﬁp&?g““ﬁﬂ?ther conprising: a plurality of said emitters
di stributeg, QEF‘erss@e RlaHfrab! é@lcﬂfléﬁgfdecohmr&u&?ﬂ&%e 2064 Qon%r%sﬁéi gﬁsy of flow

control devices p05|t|one Ins pi pi ng network Between eac ne of said
en tters @nd adisadidges omduit apsteaméaf séiddiyrstvelveaccording to claim5, wherein
said flow control devices each conprise a flow cartridge. 7. A system
according to claiml1, wherein said gaseous extinguishing agent has a

pressure het wegiy saémuéco?cﬂngﬁi @aind f@lﬂwborﬁﬁrm@ﬂbw cSAtrdl d@ageconduit. 8. A
systen1accord|gg to claim wherein saj d ut d extingui shing agent has a

pressure PBtKE
system according to claim1, wherein said duct is angularly oriented toward
said nozzle. 10. A systemaccording to claim9, wherein said liquid
extingui shi ng Aggsemiascordihigentlamh Bewheteih Raig dioth @agebds i@xbpeisésshi ng agent

proxi mate _to a shock front.
flow cartridge.

5. A system according to claim I, further comprising:
a plurality of said emitters distributed over a plurality of fire hazard zones; and
a plurality of flow control devices positioned in said piping network between each one of

said emitters and said second valve.

6. A system according to claim 5, wherein said flow control devices each comprise a

flow cartridge.

7. A system according to claim 1, wherein said gaseous extinguishing agent has a

pressure between about 29 psia and about 60 psia in said gas conduit.

3. A system according to claim 7, wherein said liquid extinguishing agent has a

pressure between about 1 psig and about 50 psig in said piping network.

9. A system according to claim 1, wherein said duct is angularly oriented toward
said nozzle.
10. A system according to claim 9, wherein said liquid extinguishing agent is
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Il I . Afire suppression system conprising: a gaseous extinguishing agent;
a liquid extinguishing agent; at |east one emtter for atom zing and
entraining said liquid extinguishing agent in said gaseous extinguishing
agent and di schargi ng said gaseous and |iquid extinguishing agents on a
fire; a gas conduit conducting said gaseous extinguishing agent to said
emtter; a piping network conducting said |iquid extinguishing agent to
said emtter; a first valve in said gas conduit controlling pressure and
flow rate of said gaseous extinguishing agent to said emtter; a second
val ve i n gpachmihnadeasenys Rxtnghtshiok lageny ppaxésaia tea sngk filoow rat e of sai d
liquid extinguishing agent to said emtter; a pressure transducer neasuring
pressure within said gas conduit; a fire detection device positioned
proxi mat el lt 0 safiet fppiebLdn sySring cempiidieg: conpri sing: a nozzle having an inlet
and an outl et and an unobstructed bore therebetween, said outlet having a
di aret er ,? SaFWS ChIEV I YHEEAgRonnect ed in fluid communication with said gas
condui t dpynsd & ﬁﬁmgﬁmgg'gﬂfirst val ve; a duct connected in fluid

comuni cation wth sal i pi ng network downstream of said second val ve,

sai d ductat heavtiang eanittaXort atamizirgoadposiainingseid ladjdaxenguisionsadedt moail e out | et ;
a deflector surface. ositioneg facing said nozzle out]et. in spaced relation
thereto afarOURSVHTIRYISINEAeE! 48 AaRaseiBe pdid gRreR s S e aneY shing st e
oriented subglantially perpendicularly to a gas flow fromsaid nozzle and a
second surface portion conprising a  curved surface surrounding said flat
surface, agdsgonquatcogdudtiag sain goseaps extingviskioe ageagto Wet¢migar:by a ni ni num

di anet er I OXI . . Sl ] ' tEF; .a control system
i commurt BarE s TR E kBT sol QyAR G Bithifihe SLATRL SRR SO0

t r ansduces fimndhl aindaillighe calriur contenilintepte sare Mdifbwciant sfahidpasdoamn recei vi ng
signals fromsai.d pressure transducer and said fire detection device and
openi ng sAFBEWHINGEENhOSAKFEHEY t o a signal indicative of a fire from said

fire detecllan Aaw iﬁ%aid%ﬁ)ing network controlling pressure and flow rate of said liquid
extinguishing agent to said emitter;
a pressure transducer measuring pressure within said gas conduit;
a fire detection device positioned proximate to said emitter, said emitter comprising:
a nozzle having an inlet and an outlet and an unobstructed bore therebetween, said outlet
having a diameter, said inlet being connected in fluid communication with said gas
conduit downstream of said first valve;
a duct connected in fluid communication with said piping network downstream of said
second valve, said duct having an exit orifice positioned adjacent to said nozzle outlet;
a deflector surface positioned facing said nozzle outlet in spaced relation thereto and
having a first surface portion comprising a flat surface oriented substantially
perpendicularly to a gas flow from said nozzle and a second surface portion comprising a
curved surface surrounding said flat surface, said flat surface having a wetted area
defined by a minimum diameter approximately equal to said outlet diameter; and
a control system in communication with said first and second valves, said pressure
transducer and said fire detection device, said control system receiving signals from said
pressure transducer and said fire detection device and opening said valves in response to

a signal indicative of a fire from said fire detection device.
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