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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



Underwiters Laboratories, Inc., Factory Mitual

Research Corp. and/or the National Fire Protection
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thermal actuati on and proper dispensing of water by

the sprinkler head, the piping that connects the

sprinkler heads to the water source is, in many

instances, at all 10 tines filled with water. This is
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15 as warehouses. In those situations, if a wet system is
used, and in particuiar, since the water is not flowing
within the piping system over long periods of time,
there is a danger of the water within the pipes
freezing. Tﬁis 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



WD 2008/ 057331 PCT/ US2007/ 022873 the area of the
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and attack the base of the fire.

20 With these disadvantages in mind, devices, such as
resonance tubes, which atomize a fire suppressing
liguid, 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
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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 1is
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 consciousness for lack of oxygen. At



of 15% Persons w thout breathing apparatus exposed to

30 an oxygen concentration of 12% have less than 5
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oxygen. At 4 WD 2008/ 057331 PCT/ US2007/ 022873 oxygen

concentration of 10%the exposure limt is about one

m nute. Thus, such systens present a hazard to

persons trying to escape or fight the fire. 5 There is
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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 liquid extinguishing agent in
the gaseous extinguishing agent and discharge the
gaseous and liquid extinguishing agents on a fire. A
gas conduit conducts the gaseous extinguishing agent to
25 the emitter. A piping network conducts the liquid
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 fl ow
waomwass3nf the |iquid extinguishing agent to PEEUS2007/022873

emtter. A pressure transducer neasures pressure

within the gas 5 WD 2008/ 057331 PCT/ US2007/ 022873

conduit. Afire detection device is positioned

proximate to the emtter. A control systemis in
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pressure transducer and the fire detection device. The
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defl ector surface 20 is positioned facing the outl et

in sﬁ?&é‘édwﬁéhé?l%ti? IerepguiThe demesetoP st fide has
a figstergyrface portion oriented substantially
perpendicularly to the nozzle and a second surface
portion positioned adjacent to the first surface
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nozzl e. The [iquid
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 1is 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 is dischargeable
from the nozzle outlet. The liquid extinguishing agent
is entrained with the gaseous extinguishing agent and

30 atomized thereby forming a liguid-gas stream that



extingui shing agent is dischargeable fromthe orifice,
and t he gaseous extingui shing agent is dischargeable
wo e@si051381 nozzl e outlet. The |iquid extingui shPemyuUseT22873
is entrained with the gaseous extingui shing agent and
30 atom zed thereby formng a Iiquid-gas streamthat
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defl ector surface and flows away therefromonto the
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deflector surface, and a second shock front is forned
proximate to the deflector surface. The duct is
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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;
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di scharging the |iquid extinguishing agent fromthe
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extingui shing agent fromthe outlet; 30 (c)

establishing a first shock front between the outlet

and the deflector surface; 7 WO 2008/ 057331
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Descri, tlon of the Draw ngs Figures 1 and 1A are

schefiti®€ di agrans illustrating exenpl ary enbodi ments
of dual extinguishment fire suppression systens
accordin% to 20 the invention; gure 2.is
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shown in Figure 1;

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 compenent 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 show ng
a conponent of the emtter depicted in Figure 2;
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conponent of the emtter depicted in Figure 2; 8 WO
2008/ 057331 PCT/ US2007/ 022873 Figure 5 is a
| ongi tudi nal sectional view showi ng a conponent of the
emtter depicted in Figure 2; Figure 6 is a
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Figure 2 in operation; and 10 Figure 8 is a diagram
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only one zone is described herein, it being
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additinab f bh&c ez anfd &ORes: aSr ShiManit2er The
emtters 10 are connected via a piping network

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 is 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

30 under the tradename Novec™ 1230), bromochloro-

difluoromethane and bromotrifluoromethane. Water is



15 to a source of pressurized |iquid extinguishing
agent 17. Exanples of practical liquid agents include
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WO 2008/ 057331 PCT/ US2007/ 022873 al so feasible, and
especially de-ionized water for use near charged
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conduit network 23. Candi date gaseous

15 intervening joints such as elbows. Proper operation of
the emitters, described below, is 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-pentafluoroethane and

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

10



extingui shing agents include m xtures of atnospheric
gases such as Inergen"" (52% nitrogen, 40% argon, 8%

wa@ 2008087381 oxi de) and ArgoniteTM (50% ar gon andP&DYs2007/022873
nitrogen) as well as synthetic conpounds such as 30
fluoroform 1,1,1, 2, 2-pentafl uoroethane and
1,1,1, 2,3, 3, 3-hept af | uor opr opane. The gaseous 10 WO
2008/057331 PCT/ US2007/ 022873 extingui shing agent nay

intained; Ly éjgaémsmglt, BL gfnalrpcra%%w nC¥dndeyss h%gh-

own’in Frgure 1 i nders 25 may e pressuriz
up tmegsg@e pslgldeF@r 2|5aagesh<swstlen§l\ghrehlrecfwlrl@ders

| ar gg S ne_o r

t anks %bgou %g pS| e%hg |%gq€o u Sl n tﬁ££§§i r of

30, GOGtgals| whscmragecbemsedrgé\l ‘tce]mnmSeloyi gabarge val moee
ig essure_tanks for a 30 .c c feet 2

3 Sl B Sab8 sar raS T R i Yordineern

pr acihec alrdembodi msnmo s;laazwnnjs nmdy guar eséA th_'ete’hﬁiately,

gaseous extingui shin ent be s ored in a sin |l e
S Y BRL LS B er s BN | od FRarPHReG (e
hazaggttzemes gdesMateves 2600fpsy) Irrra@era3335béotﬁséc&nk In a
73) are i5 preferably nmaintained in an open state in

conmuifiteati BRI ¢ §”]]?°6P1mﬁ?“ess%ﬂcemw&ﬁ| oPAr 29t Gade
fol Oy dsrlc@ sandt i PG eSHing E@@Httrk@{]fﬁﬂqlsft@|rgdt9nt£%lg\@&e
conduit 23 are controlled b h pressure gas
cont¥k Val ¢emman toprddsgrétiars G@né&ﬂt°§3the fire
downsit8am,efhet hes hi gh 20 pressure control valve 31 is
nmeasured by a pressure transducer 33. Flow of gas to
the emtters 10 in each fire hazard zone 13 is

further %%%9'&?%%% VA ihQWr s P§ £SEI & Y@l ¥8) 32re
downstream of the pressure
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.

11



transducer. 25 Each fire hazard zone 13 is nonitored

by one or nore fire detection devices 37. These
wa@leasosizon devi ces operate in any of the vari POBFURINOWOR2873

nodes for fire detection, such as sensing of flane,

heat, rate of 30 tenperature rise, snoke detection or

conbi nations thereof. W 2008/ 057331

PCT/ US2007/ 022873 The system conponents thus

descri bed are coordinated and controlled by a contro

system 39, which conprises, for exanple, a

m cr opr oféssoysyddn dmppinagta tom rdsiscyahef! @i%play

(”Otco%'}%‘é'ﬁ)rag?{éeéﬁéje& r%‘iﬁ% 1{3{? ?acf!;(i’it%ﬁrg

| ogi ¢ con er 43 con systen1cgnnun|cétes
Wi t hwhited sp&pen$@®nphnenksmpi©,rac@kvakntesﬂ@M|@m and

|ss e control nd S 10, Ea |n
FarvE Y & haiPreT dred s Ble o deoflent U
cI osaﬁf)twiayea soipeds vprsxgrzyanﬂnabpe 4Bognhatconm®uﬁwe1r 0433 £s The

croprocessor .41 a_vi sual
st gy SPHR thaér e Vet Mty e Y SR en et nes
contglrevalive 19fdmmali®m bAdCOFITUNI @Attirod Whirthands as
m cropr.ocessor 41 via a comuni cation |line 47, which
al | & -val ve 19 to be nonitored and control | ed
{copened and cl osed) by the control system Simlarly,

gas control valve 35 communicates with the control 20
syst em viEACh E¥hMARCABIER BT ns 4pnigngethast e etts

det eptdty deybhesr 3N A9 eoNEUNL SR sWrlyh1688 £ONMHAQ!
systemvia communi cation |ines 51. The pressure
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 progranmabl e

| ogic controller 43 over communication |ine 53. The 25
w@e@gosasaebl e 1 ogic controller is also in conmeei/Us100D022873

with the high pressure gas valve 31 over conmunication

line 55, and with the m croprocessor 41 over

communi cation line 57. 30 In operation, fire detectors

37 sense a fire event and provide a signal to the

m cr 41 gyers;12 Y. 2008/ 057331 £ th
PCTf%%%%%gﬁgg%%n lcoéﬁunlca%loﬁ§%lne 51 % %c uates ©
m crlopriccessorodteuates thee thyi (,Ccrmmorid)lereﬁ 43y Mot e

t hat controller na e t Nt o M, QJ;, an
i nt egrpgl par Foré?r%hle% OQ agprggs aal %a%?r%F %/llé v% (1\?1
The pnnysmreonbnotébrvam&eSBﬂeceTNeslqgun gnatréltﬁmt4ie

pressure t ransducgr f3 omrysndrceattr%rﬁs 1..1c rg%i ia
Pndi TR VESof ThE Pr ¢ sure PP fie” U iSad S8R > e
Ioguﬁx?@ﬁht@kheﬁ Aﬁuﬁpﬁﬁinﬂheahig&<amﬁ£@spkesg@sevaiwae
31 ile the m cropraqce ssor. 41 th as _control
vaI¢§“3§°§ﬁ&thg3thUFﬁ 6@&?r8?”€5$¢§ é% Pﬁ%?d&l Bign
I eSPeedd M@ eCgaBURA Tad i 0N whiinest¥d r@rtd:o@zocegsasﬁms opens
extrngurshrng agent from_tanks 25 and

ext i MBUI%H AGRAGRhtVEFEm SoaPEetn, l%dt ﬁagtﬁ%r M t%&d

10 f1OWdiRoweBp8a8: ORdklin23a 8h |11Q1lé|sd 49! RhAGT .
network 15 respectively. Preferred

||
ext i FRAASHS 64 tapent sipss sgeatf 6?%&?@&6 86@9@. bHIwd

t he &reltntc?%ﬁhlggl 8 @@J Weeh 8B0MLe 11 PSiagaRduabosinateq
psig as crlbed el ow. The fIOM/cartrldges or ot her

suchtd [fowwe shepagh dead c@sdpitndd med fidhedr egRired
i qui gl fd,0w16ates,dhe JAagi ¢ eopELpld e 43 aperates 20

val ve 31 to maintain the correct pressure of gaseous
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 operate 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 extinguishing 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 is significantly better than various gas

only systems such as those which use nitrogen and

13



exti ngui shi ng agent (between about 29 psia and about

60 psia) and flowrate to operate the emtters 10
wWowaokion733t he paraneters as descri bed bel ow. FopCHUS$2087/022873

inch emtter tests show nitrogen supplied at pressure

of 25 25 psi and a flow rate of 150 scfmis effective.

The dual extinguishing agents di scharged by the

emtters 10 work together to extinguish the fire in

the eQ%ﬁ%‘énSeT &umo%%geex§8&9e{{Hr{c%tn'tQQtQBnn@f | el

than 30 15% Is 1s significantly better than varlous
gaslcmwuybsﬁgr@n@%subheaylﬂho@@ apfiicilyudsbeqi t rogers and

029081057331, PCTLUS2007( 022873 LeAUMEL,8cn of ot

red i on oxygen concentrat ower
befdm@smhé5%|mé pedditie, erti hYti shed knbwni safe level and
%dvanta Qus to ncent |q510f at

a Drea qagyena%Tgag%ggn C%n aC

Peast” 15% 1 f pOSSI known saf e’ | evel
and dhqmuu$|d351ﬁg&mshﬂﬂgabbenatrﬂnqﬁua'ehelﬁlaetpknme t he

gaseous i nguj shi ng ag s .the fire plune
P enpaTREGPE rD Fhe 8 i EAF har St Y SRBRF S U o
t he #Ha &ireThi $ThSs t:hse thenpenpgé thnal ashivihbch hend iffiee
w | self eXtIHEUISh In addition to | owering the 10

fi r e pitufe-tefpet e, )t hd gadtou e SpoRBRE 4t % o

@ecreasepihe @é@(y@@d‘ht@ﬁ@@eﬂhé&% HHAS WRbbnedhieadd g iticd
extingui shing agent acts as a heat sink to_absorb heat

f r oriSHE 3PPt AR P H e P NSARPF s @5 151 Lpont Aerisidgd

t hate theghiitc81h§ £odddGuicshgd, a thet Hi6kORHOSESSA bt
closes the gas and liquid valves 35 and 19, and the

| ogifrBorsheolf i &2 A3 AhesEdYt REPHY JFF lﬁiressure control
val ve 31. The control system 39 continues to nonitor

all the fire hazard zones 13, and
15 Upon sensing that the fire 1s 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 in the event of another fire or the re-flashing of the

initial fire the above described sequence is 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. Outlet 16 may
range in diameter between about 1/8 inch to about 1
inch for many applications. Inlet 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 descri bed sequence is
woe@eas®sal  Figure 2 shows a | ongitudi nal sectPONaEk2007/022873

view of a high velocity |ow pressure emtter 10

according to the 25 invention. Emtter 10 conprises a

convergent nozzle 12 having an inlet 14 and an outl et

16. Qutlet 16 may range in dianmeter between about 1/8

' ncfhgte%ta*aeutch; ndoh fQr anapad@n%oén{ﬁ@hl BPSsshU %tnd14

isin uid conmmunication Wwth a pressurized supply
of gihlsvelougtSO em|mmdghmnggaglemthaftorthexaﬁp¢be théave

cyl 1 Nd&r 3 A5-058E eQ!tSqTEE%\OE%b%%(? @ iEERé{ﬁ&‘?Sotth'%%

gaseous extanU|s

PCT/ 4352667/ 6228B738s aagiemeatrotalhererbzsziréaae aare also
%rqutern1ned pressure and flowrate. It is
dvaﬁiageous that the nozzle 12 have a curved
convergent inner surface 20, although other shapes,

such as % Ilgﬁar taper%g sugéace ar 5 feasib]e
A defl ectofesuFFaRe BF e ’c?o‘%%sol lr?“% aé’édSpaane t
rel aigiaﬁ:ﬁ: Well Bt be wmzltelelaozal@am 24 habng4 being
est abl i shed betmeen t he defl ector surf%ce and the 10

nozA¥ ISE? B dp Thay AP ERREC I SUEFECBet e Sabout

b 1hhdAakesut 0ebouth3/dpl Rehesanddhe ndefibechotwsdt faeat
22 is held in spaced relation fromthe nozzle by one

or orte 18GpESI OI%wtzé/‘llS“ﬁi‘%?eré[B]IeydeééFF%%]E gyurface

surface s22.6aMPhi $85cc fe@hit 1 SN F.2GE HRQN hbeP188y one or
substantially aligned wth the nozzle outlet 16, and

an dfieedvPBPthckePordfi-on 30 contiguous with and
surrounding the flat portion. Flat portion 28 is

substantial ly perpendi cular to the gas
15 Preferably, deflector surface 22 comprises a flat

surface portion 28 substantially aligned with the
nozzle outlet 16, and an angled surface portion 30
contiguous with and surrounding the flat portion. Flat
portion 28 is 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

15



20 flow fromnozzle 12, and has a m ni num di anet er

approxi mately equal to the dianmeter of the outlet 16.
wab@sasBed portion 30 is oriented at a sweep PeErkKS2007/022873

angle 32 fromthe flat portion. The sweep back angl e

may range between about 15 and about 45 and, al ong

wWth 25 the size of gap 24, determ nes the dispersion

pattern of the flowfromthe emtter. Deflector

surf ace %2eg§yr g"é’r@an@eh(éhbéh§§e§1r13}l{ﬁ%edag thee cyrved
upper egge shown I'n Figure 3 an 0 curved
edgeB6 ishodd amd R gaweevt4ba¢—\ls, sdrored PoEgon e$? 5 Bggire

6, t defl ect i nc e 5
2005‘0%3@1858% %%‘}/3 2557@%@0%& engH?e%%%enjtceerV@nd
t ubeieaﬁhs oIEr ohededsdi)‘yara:ef kat ipprmayorped@pandx amasveeipt
back, Ied ion 42 (Ei or a curved
|530rt(7%1r‘?l EO( ﬁalear%e)ter ?17 g\léfr%tigl)r ‘and depth of the

resonance cawty may be approximtely 5 equal to the

di anet er outlLet 16. Wth reference _again to
2|, an anﬁqdl &r Fe ATt a@élgu}:?oﬁh &zglalg i‘inu}(:?rf%nber

46 |ichdnbelrl UbdsuEOHIAHY Gakz08 Wi h Ghapbessusi ze€din fluid
l'iquid suppl for 10 exanple, the |liquid
ext i TRFtHUSHI A laﬁe‘ﬁ%t%&urpéési‘?rﬁ‘m ﬁlgihﬁlé FUPRLY

R ovd depitehe che qui hiextdxRAUESDENh RARRIE EButHE 17 of
chanber at a gredeterm ned pressure and flow rate. A

pl urllguse of tHAEtRT BT 4%t ERE H1oMmd IfxtdRarbeRringggent

Each. dugfe RASMBOr €Xd 1o gﬂeﬁbggrégn&f’%rte's%ﬂ@g dRd flow
adj acent to nozzle outlet . The exit orifices have a

di angtter- of abboeliyBof ﬁ@ﬁtﬁoS%menP/ gromchhe chamber
Pref g req disyapces, befween t he; pozzle glé*sh@io 5 and

the exit orifices 52 range between about 1/64 inch to
15 adjacent to nozzle ocutlet 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 along 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 from
the 20 edge of the nozzle outlet to the cl osest edge
w@booslos733exit orifice. Liquid extinguishing ageert/uftoons22873

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 flow of gaseous 25

exti ngui shing agent fromthe pressurized gas supply

that 4 1. Q r n ex| h.1:he
nozz d;p%\&,tél étg %&2};’5 e&?,ﬁéég }’L‘% %@aﬁ r%éf%i\;‘é&"é% uilglr

10, esttemoconhiguraakrftorreseurd leetfeaee aBOusuppreissiaom

syst i s desi gned rake with a preferred gas
pr esagg'lﬁué %gt g\%‘lé% h%o%q%@ggpgﬁa to about 16 WO
2008/ 057331 PCT/ US2007/ 022873 60 psia at the nozzle

nlet 14and g preferred Liguld | extd nauishing agent
pressur e “bet Ween” about 1 °Psi g an abSut “50 psig in
chandeefie rébceSt OpRI@ide0n ahitheiemn tdremihg bsse®sgrdrbed

with reference to Fi ure7Y\lnich I s a draw ng based
uport SIS E8r BRObRBT B &paNe L ikt yfi 70PPER2bPRY at i ng
em tdrertelQ Gaseous extingui shing agent 85 exits the
nozzle outlet 16 at about Mach 1 and i npinges on the
defl ector surface 22. Sinultaneously, liquid

Xt ngui $RisBgua08HE i ngdih shendi sehat ged Kkhel exdtnozzle
orifices 52. 15 Interaction between the gaseous

ext i Hfdicshilfga t agfeditt 85 cind he HetingEsoPstRe el EEtor
est apldghes a. f${ﬁﬁléﬂﬁ@%%sﬁQPniiéﬁu@%&%@ﬁaulQﬁh&?%@é%t
outlet 16 and the deflector surface 22. A"shock front
is Btdg dasehargedvinararsiiti opif¥&h s¥personic to
subsonic velocity.

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

17



20 Liquid extinguishing agent 87 exiting the orifices

52 does not enter the region of the first shock front
w®4008i06738hi s node of operation of the em tter.P&u/ssmonc22873

shock front 56 fornms proximte to the 25 deflector

surface at the border between the flat surface

portion 28 and the angled surface portion 30. Liquid

extingui shing agent 87 discharged fromthe orifices

52 1§, enlS agegletmﬁtju @%dgeﬁg%ﬁmfroenpgggspkn&ar@&%t 58

85 proximte to e second s ormng 30 a
| i quidgas st reamrﬁoalo@%thet fogll af peqrttriahna@ntthes sftoo*k

use t.he Rlessu tia bet the r
i A R A G R S

and gdthe v&nﬁaheptogéhmlmmwamﬁm;jSaﬁB dq‘vmwmrndmyafr@glm

al ong the angl.e rtlo t he_sh ds bei ng

conf negqﬁ th# éﬂaﬁmhgg %freg‘ 66ran 19

pr oj mgmn@subwawdézy mxdamwamdwmfcr (ﬂIlobvheelEchm tdrer .

The shock di anp a ansition

et v o s Nl sn e L vt 5 oy oS sasiee e it

resu:titef thengasid| oweichganied expaNdedcasbtt a efxldws
the nozzle. Overexpanded fl ow describes a flow regine

wherdi - eh@hgx e er n%ﬂ‘e FrEsSire PFETSUre He - &nbi Bt lent

B NOSRRAIHE rREegsed Sadd ihhichisasede) S hingBBErt Higdh iR
gas exit pressure at the nozzle. This produces oblique

shocdd@snvdeéd RRPERUFRfdtednef PERTIRe fed PEPIBBRMRIt)aue

89 ki ngvebe.him trhatween thecld qiid- gas sLEcam pQo
and the anbient atnosphere. The oblique Shock waves

ar e M kighl sbeedinbwdradwesd shet hxuidygeseatscamed0 and
Shocttlh %Mﬂgsatﬁé%}{éfe a”trhéh&@h&&er e Rl aPLoduced

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 atomization.
25 The liquid extinguishing agent also encounters the
shock diamonds 58, which are a secondary source of

atomization.
Thus, the emitter 10 operates with multiple

30 mechanisms of atomization which produce liquid

particles 62 less than 20 pm in diameter, the majority
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l'i qui d-gas stream 60, which ideally does not separate

20 fromthe deflector surface, although the emtter is
warioslosssf ective if separation occurs as shownPer/usfaz/022873

The Iiquid extinguishing agent entrained proximte to

the second shock front 56 is subjected to these shear

forces which are the primry nechani smfor

atom zation. 25 The liquid extinguishing agent al so

eNCoUNtRLS oL De; - 510 alke 1di,ANR0ds, 88,2 MieCl 81i&n &0 pm.

secondary source of atom zation. Thus, the emtter 10
operdreesmalliAr ndkeplstes a3 heehrni sims adf - at B at i on

whi ¢ o _Liqui articl .| . [

i arcare PRe LI R RIEREE 58 ifus3), bPaRLAE PR Bne
PCT/1US20670022873r ofedtihe fartislmsdseiing aebsured at
ess,than 10, pm Jhe, small ec droplets are,puoyant in

& r TS TUCRAf att e Mo S AP | Bk thém St hal RAT n

pr oxdaviriwa rdombhentdn r @ 19outoe flog lgrpatietabi s€ream 60 to
suppression effect.. 5 Furtherpore, the particles .
o ORGP FIF T EhHT @ORTP . HOIRRIA 4P Fow TR Hid
|'i quibrgas £3teeaméed ir@meayer Sioske tHie 1higahiaggpd W ein
comhustion gases resultin froma fire. asurenent s
ShoWAHE FOUE IOBLY St GRRPEhAuT iy S APFoc kL 3 g1 Ssar
16, 00 totiiiRe 28 dM€hes hbem §0qgtder amichbar 1, 208 & /min 8
velocity greater than 1,700 ft/mn 8 feet fromthe

em t%6T fFRB EPBWETYORt-he TBAI 1 §10™ SB&efRbEC G0 1S

| Mpi g QRqt B [ A9 gOlont heer 808 F b WRINGN robh 1§ which
operated. The sweep gback angl e 32 of the angl ed
por titod s30P6t2Epe- deftied6FPshr¢ac P2 grovE delke mgled

Si gnid, i GRRL 3608 Bhe AUEN LRB T BEL £iRd 23Ngl 8,64 OF the
l'i qui d-gas stream 60. | ncluded angl es of about 120
15 significant control over the included angle 64 of the

liquid-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 evabl e. Additional control over the dispersion
pattern of the flow is acconplished by adjusting the
w@apsAd73bet ween the nozzle outlet 16 and the dedT/€61007/022873
20 surface. During emtter operation it is further
observed that the snoke | ayer that accunul ates at the
ceiling of a roomduring a fire is drawn into the
stream of 25 gaseous extingui shing agent 85 exiting
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| quiuck téetri ngugmld@lagedt gests aimeathel fotheof ftlow sofoke

Seeeous SULIULSILAG S0ent o el o6 19 0OUIER. 2N o

Fur tiher opygans tepletiet gasesei fitde frar msobbidsnevajmke
| ayer that is entrained in 1g‘he flow Iso contri but

to RHEVEXygERd 5t HIY &YGR ot ST hie 1 (& FPORs"ibser d

hovexgrctelrhat d&g1o0Bekerst dfvd he 16a08bBheEr B4 he The
10 emitter is depl oyed does not drop bel ow about 15%
The 1319”&6*1 §*EXPProth < ﬁ@eﬁﬁeﬂ?rﬁacrlﬁsclaé‘g She ¢Megrained

ent raidied cragpkes CF QA ad Hogckhatadlagks nagi atiMp fer
heat transfer fromthe fire, thus, mtigating spread

of CHBUStFORLES: B AedéIBFimeatrisesnsfefonprEion by

m X'Msa%dhhgflﬁeéﬂ”&%n%%? cread et Ay gt BRaemd ter
al so hel ps I ower 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 noilse (the sound generated by air moving over an
object) is the only accustic output from the emitter.
The emitter's jet noise 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
wa@k@riofizaant acoustic energy. Jet 20 noi se (theCEHUSI007/022873

generated by air noving over an object) is the only
acoustic output fromthe emtter. The emtter's jet

noi se has no significant frequency conponents higher

t han about 6 kHz (half the operating frequency of

wel | y t an :
Cont T 1Bar 68! GecH Gty Lo af ont 2ot an PO TRerIorS.

t he friedfifcientt heowimattion ps svabllessand doesization.

separate fromthe deflector surface (or experiences
del ayed separati on as shown at 60a) unli ke 30 the flow

from r esé@manbert ehesie wiembhdisenmnst®@Eblie ahdwn20n \MAgure
008/ 057331, PCT 007/ 02287 eparates _fromthe

Fef 't O LSGPf atls AHuS oadr hg T Lol PPETahtY

at o ziairited ebwevenHoswzafleal DM zZatd anctAnetdedngularly
emtter odinment 101 is._shown in Figure, 5 8.

i (T T0E hRCTHRTS B Lhdr: G e HILAR)S S3ncd

t owagdhvariie tRezgheedids cktenduUetBimgf ea@@uiBarky as to
oriented to direct the |liquid extinguishing agent 87

t owettF 1eHé §8§ebh%“é&tli“négﬁsﬁ?ﬁgpﬁ?j‘éﬁ’tatgstgot g tigst

ant raideit fechkqes d i1t tikepgase PEOXIHERL @nti@ hbheadddnidnt
10 shock front 54. It is believed that this

ar r dgenefe YRF| $nehe sy &€ IaABL PErat@Yizghign in the

at ond ZafdiQR bR the 1 eathas ofrdde do %!f'o%"egé‘éd StF &R Phe
60 projected fromthe emtter 11. 15 Firé suppression

syst&hs- t6si Ag-enmitters and dual extinguishing agents
according to the invention achieve nmultiple fire

exti ngui shnment nodes which are well
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 liquid 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 |ess
gas and liquid than known systens which use water. 20

weymsess3according to the invention are especi Ba1/¥52007/022873
effective and efficient in ventilated fire conditions.
21 WD 2008/ 057331 PCT/ US2007/ 022873 CLAIMS What is
clainmed is: 1. Afire suppression system conprising:
a gaseous extinguishing agent; a liquid extinguishing
agent; at least one emtter for atom zing and
entraining said |iquid extinguishing agent in said
gaseous extingui shi ng agentCI&I¥sdi schargi ng said
gaseous and |iquid extinguishing agents on a fire; a
gas conduit conducting said gaseous extinguishing
agenthatto isactaemed tier:;; a pi pi ng network conducti ng
said liquid extinguishing agent to said emtter; a
first valve in said gas conduit controlling pressure
and flowirate ofrsajubrgaseavs exdtidiguicshppgsimgent to
said emtter; a second valve in said i ng network

o

control ling p?e%%?ﬁ%?%n%ﬁtﬁpgﬁf?%&qg ¥d liquid

exti ngui shi ngaageqlid @xgahgdueshitfrageatpressure
transducer neasuring pressure wthin said gas

conduit; a fifk H& tﬂqﬁneGéQF%%-%Hé@FP@ﬁéH“%r%&?nate

t Ot ﬁéit‘iagmlhigeEax@”ﬁcﬁu‘@@kE%g@NeﬂIﬁ{@ laBep@MMNi LAt i ON
W sal
gaseous extinguishing agent and discharging said

gaseous and liquid extinguishing agents on a fire;

a gas condult conducting said gaseous
extinguishing agent to said emitter;

a piping network conducting said liquid
extinguishing agent to said emitter;

a first valve in said gas conduilt controlling
pressure and flow rate of said gaseous 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; 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

22



first and second val ves, said pressure transducer and
said fire detection device, said control system

WO e@8i0yi3ay si gnals from said pressure transducRCT/aRm07/022873
said fire detection device and opening said valves in
22 WD 2008/ 057331 PCT/ US2007/ 022873 response to a
signal indicative of a fire fromsaid fire detection
device, said control systemactuating said first

value38nds £9 LBl NEANN;AREEOAILIIH Bed; Pl ERsH! S ;of
sai d gaseous extingul shing agent wthin said gas
conduirte flereoperratdonicel said erriticdr sy2ten aystadmng
accolding ;0. a1 i ko LUMEBeha 1 SN LS R0 S M T 1Y
of conpréesse gase?aﬁks conprising a sSource o

pr egsesisned gassnus gaeebupgeksimqg shgent agamd wi thigh

pressure nanifold_pﬁpvidin | uid congynic tion
said gas condui or ,opera 10% of 5ai1d emitter.
bet ween sai d conpressed Sas anks an sald gas

conduit upstreamof said first valve. 3. A system

according to Caim1l, further conprising, a plurality
of said énit el diRATHIELDT oVRr %%mbﬂurﬁFFYék%ﬁ fire

hazatdhpzaresg: and a single conpressed gas tank
conprising a source of pressurized gaseous

ext i ngui shi ng2 aBHia i idy 4l FORRTSHSE act t8r%%in al |
of s fiish Bghazag etk ZORES predsu AYSlRReaasording to
Caimi1, further conprising a flow control device
posi®4teRediPA1RAI 2P i /pi®R§ net wor k bet ween sai d
emtter and saig;gecadsuval ¥8nifold providing fluid
communication between said compressed gas tanks and

said gas conduit upstream of said first valve.

3. A system according to Claim 1, further
comprising:
a plurality of said emitters distributed over
a plurality of fire hazard zones; and
a single compressed gas tank comprising a
source of pressurized gaseous extinguishing agent for

all of said emitters in all of said fire hazard zones.

4. A system according to Claim 1, further
comprising a flow control device positioned in said
piping network between said emitter and said second

valve.

5. A system according to Claim 4, wherein said

flow control device comprises a flow cartridge.
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5. A systemaccording to Claim4, wherein said flow

control device conprises a flow cartridge. 23 WO
wQe@8/NB3B31 PCT/ US2007/ 022873 6. A system aceoOr/us1wg7/022873

to Cdaim1, further conprising: a plurality of said

emtters 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 emtter [ lve.. 7.
accor di ntg6't oideglgtrr%ga%\f%g(r&gﬁ% %‘gié&%lﬁ %WAS%%?%%“
devicepreadchgconprise a flow cartridge. 8. A system

according to O g mh, whekeln; said Lt LeL, SO S8R x
a nozzl e havi hg an 1n &t “Connected W th Sard gas
concuiglwewn st r eant iofe $aizdrfli retesalane and an  outl et

a duct connected. in fluid_c nicatiqgn with said

pi pi ng net wor R RO damtof - 3%i qzé%hgeVéf%%, sai d
ductpdiavtiingeaniexsdidrdifieg pesidilonedwadhacest dme of
said outlet; and a deflector surface positioned facing
said““éh?@é?t?ﬁssﬂ&%é@lpeFSFPB fheteto, said

defl ector surface having a first surface portion
oriented_substantially perpendicularly to said nozzle
and a sdconft SVFFMSGSOFEIDR POTHIonSd YBpERERtS A

sai de1d Ipht YT @Ce RO @R adfoOfdent @dow cartridge.
non- perpendicularly to said nozzle, said |iquid
exti ngui shing agent being dischargeable fromsaid

orifice’SQndAS§§gt&@§ﬁ9H§ding to Claim 1, wherein said
emitter comprises:

a nozzle having an inlet connected with said
gas conduit downstream of said first valve and an
outlet;

a duct connected in fluid communication with
sald piping network downstream of said second valve,
said duct having an exit orifice positioned adjacent to
salid outlet; and

a deflector surface positioned facing said
outlet in spaced relation thereto, said deflector
surface having a first surface portion oriented
substantially perpendicularly to said nozzle and a
second surface portion positioned adjacent to said
first surface portion and oriented non-perpendicularly
to said nozzle, said liquid extinguishing agent being
dischargeable from said orifice, and said gaseous
extinguishing agent being dischargeable from said
nozzle outlet, said liquid extinguishing agent being

entrained with said gaseous extinguishing agent and
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exti ngui shi ng agent being di schargeable from said

nozzle outlet, said liquid extinguishing agent being
wepisasred with sai d gaseous extingui shing ageptT/aRmo2622873

WD 2008/ 057331 PCT/ US2007/ 022873 atom zed thereby

formng a |liquid-gas streamthat inpinges on said

defl ector surface and flows away therefromonto said

fire. 9. A systemaccording to Claim8, wherein said

gasenusiexhi RALESEY NG 3988t 2 NSq @ SRS YEBe BRI MRAD
about 29 psia and about 60 psia in said gas duct. 10.

A syiStramggecor ds ke tds fdlegic AY 95 upfrGeiands ﬂ@wsww d

extinguyi %Qbﬁgogg§q£nnﬁ%lqepressure bet ween about 1
psi g an§ about 50 psig in said piping network. 11. A

systen1accord|ng to Claim 10 mhereln said deflector

surface igs pgsg %é%%r59§é sal g S%ouahefekp said

ext i ngui shi ng a forns afirst's K'fron etween
salcbaaﬁdueteandng@ushuhgfbgehbrhs&wéznneﬁsand lae seond

shocl% f ro%%3 | slgoar r@daboou%x6 te 1o saslaqddeflsegt or
sur face. SyStemaccordi Ay T o TEim 115 Etein
said duct is positioned and oriented such that said

l'i quid t|n ui shi ng agent, disch ed fro sald exit
or i ce, P YT Fod R B tF Jacaus” eXbr gl S g
ageFMquﬂdOkkHEh@uiihiﬁ@ea@%nsahﬁsS&Kyﬂés%heltsetﬂébnA%bout
system accordin gi m 12, wherein said liquid
extu%gﬁﬁ@h@ﬁg & %‘H’c 1% Perer éPn%%ll iR 1041 BetYa&ktous

extingui shing agent proximate to said first shock
front. 25

11. A system according to Claim 10 wherein said
deflector surface is positioned so that said gaseous
extinguishing agent forms a first shock front between
said outlet and said deflector surface, and a second
shock front is formed proximate to said deflector

surface.

12. A system according to Claim 11, wherein said
duct is positioned and oriented such that said liquid
extinguishing agent, discharged from said exit orifice,
is entrained with said gaseous extinguishing agent

proximate to one of said shock fronts.

13. A system according to Claim 12, wherein said
liguid extinguishing agent is entrained with said
gaseous extinguishing agent proximate to said first

shock front.
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WD 2008/ 057331 PCT/ US2007/ 022873 14. A system

according to Caim12, wherein said liquid
wexiaosossshi ng agent is entrained with said gBCSPUSR07/022873

extingui shing agent proximate to said second shock

front. 15. A system according to C aim 10, wherein

said deflector surface is positioned so that shock

dianonds formin said |iquid-gas stream 16. A nethod

of operating & L€ URIGLEIShINeo %ﬁ%tl%”hzs%ﬁelsé’ﬂ es'?:E‘ml

having an émitter conprising: a nozzle having an |nlét
conneictved eptfhgidshigwmegaintat $ centidimed piekseaided

sour . axt ] Lshi d 0 ty
s p e e qERE Bl ASRR, 207530 SHc S
presﬁunﬂzéd090urce of |iquid extinguishing agent,

sai d duct having an exit orifice positioned adjacent
to said outlet; a deflector surface positioned facing
sai d outllset Ansg$ame®dbekath@nt¢hﬁmemoiosaWdeﬂehhadid

conp n di sc ing s t|n S
agent® §aF8rg %ﬁ.ﬁﬁségloﬁggd% aﬁg Fg €§§%5ﬁ§
extlﬂnyMIihlegldagfqulé4gmm satdm@utlet establ i shing a

first shock front between said outlet and said
defl ector surface; establishing a second shock front

proxi mat @ ¢t.0 sah&ckef |HCRErsUIAQCL; £i26 WOHRPOSL 15331
PCT/ US2007/ 022873

system, said system having an emitter comprising:

a nozzle having an inlet connected in fluid
communication with a pressurized source of gaseous
extinguishing agent and an outlet;

a duct connected in fluid communication with
a pressurized source of liquid extinguishing agent,
said duct having an exit orifice positioned adjacent to
said outlet;

a deflector surface positioned facing said
outlet in spaced relation thereto;

said method comprising:

discharging said liquid extinguishing
agent from said exit orifice;

discharging said gaseous extinguishing
agent from said outlet;

establishing a first shock front between
said outlet and said deflector surface;

establishing a second shock front

proximate to said deflector surface;
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entraining said |iquid extinguishing agent in said

gaseous extinguishing agent to forma |I|iquid-gas
waeosam33and projecting said |iquid-gas streanPdT/082007/022873

said emtter. 17. A nethod according to C aim 16,

conprising establishing a plurality of shock di anonds

in said I|iquid-gas stream 18. A nethod according to

Claim 16, conprising supplying said gaseous

extinguishing agent,4,9,;58hd siW el AL AcREEISW &

bet ween about 29 pg}a éng gb%ut 66q%psi§. 1§§yA #gphod
accargdintg inos &l di gask®usc enpi s g inguppkyE nge skiah a
[iqui, t i_nguj shi nt to said duct at a pressure
beta%gﬁﬁéb S? %§%%¥% %% about 50 psig. 20. A nethod
according to C ai epk@edtinghesid clomuiidsiorg ehtean rfineg
saigﬁhkg%iqtgé%[nguishing agent wth said gaseous
extlngU|sﬁﬁng agent proximate to said second shock
front. 21. A nethod according to Caim16, further

conpri sSi entrai ning said liquid extinguishing agent
with sai ggaséoﬂ%gg%?Fﬁﬁﬁfgﬁpggt%dgﬁFﬂbggkiﬁ%ﬁé&% ng
sai tbstfdpylshshgck prantlit22ofAsimiihed sebnapefatdaig a
fire.éﬁppression system said system having an

em tYEMIEGABFI SFRE™: 27 WD 2008/ 057331

PCT/ US2007/ 022873 a nozzl e having an inl et
connectable in fluid conmmunication with a pressurized

source ofl8yasBofRtRAKFFGEASAP NP dgféif™ dRd SAMRTATEY;

supplying said gaseous extinguishing agent to said
inlet at a pressure between about 29 psia and about 60

psia.

19. A method according to Claim 16, comprising
supplying said liquid extinguishing agent to said duct

at a pressure between about 1 psig and about 50 psig.

20. A method according to Claim 16, further
comprising entraining said liguid extinguishing agent
with said gaseous extinguishing agent proximate to said

second shock front.

21. A method according to Claim 16, further
comprising entraining said liquid extinguishing agent
with said gaseous extinguishing agent proximate to said

first shock front.

22. A method of operating a fire suppression

system, said system having an emitter comprising:
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a duct connectable in fluid conmunication wth a

source of pressurized liquid extinguishing agent,
wa@anod/ostset having an exit orifice positioned Bdj/asmnt/022873

to said outlet; a deflector surface positioned facing

said outlet in spaced relation thereto; said nethod

conprising: discharging said |liquid extinguishing

agent fromsaid exit orifice; discharging said gaseous

extingui shing, A0RM HLOTLIALE QHdCL ARERtLNG A f1uid
over expanded gas ow jet “fromsaid nozzle; :
ent raimmungcgaidn | wigui & extesagui st rpuragenf Jaseaisd
gasequs extingui shing agent to forma |iquid-gas
stréghﬁngﬁésg?% éa‘?ﬁgag§i8“|?ﬁﬁvﬂgbas stream from
said emtter.a23uctA aweinkodante orrdifig ido cGhanmi & ion
further _conprising: establishing a first shock. front
bet WBaH abiUT 5ot T ot erd CEAF&- Ao Bet S TS0PT Atk

est alyarshi Bgia seconthvihgcknf ot qaridiiceapesitioreai d
defl ector surface; and _entraining said liquid

ext iFPFERTENGCatHt 94T1eS4ai d gaseous exti ngui shing
agent proxi mahedsé Ol e rokursatd gddistionad seedng sheck
fronts. 28 WD 2008/ 057331 PCT/ US2007/ 022873 24. A

net HOtF 1&&cdPdPRZCED QL&A P23EN¢xFtHer conpri sing

establ i shing gaphUradiddy cehpshocky di anonds

discharging said liquid extinguishing
agent from said exit orifice;

discharging said gaseous extinguishing
agent from said outlet creating an overexpanded gas
flow jet from said nozzle;

entraining said liquid extinguishing
agent in said gaseous extinguishing agent to form a
liguid-gas stream; and

projecting said liguid-gas stream from

said emitter.

23. A method according to Claim 22, further

comprising:

establishing a first shock front between said
outlet and said deflector surface;

establishing a second shock front proximate
to said deflector surface; and

entraining said liquid extinguishing agent in
said gaseous extinguishing agent proximate to one of

said first and second shock fronts.
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in said liquid-gas streamfromsaid emtter. 29

WO 2008/057331 PCT/US2007/022873

24, A method according to claim 23, further
comprising establishing a plurality of shock diamonds

in said liquid-gas stream from said emitter.

29



