1 FIRE SUPPRESSI ON SYSTEM USI NG H GH VELCCI TY LOW PRESSURE EM TTERS
Cross-Reference to Related A lications This application is based on and
claims priority to C.S. Provisional Application No. 6C/ 689,864, filed June
13, 2005 and C. S. Provisional Application No. 60/776,407, filed February
24, 2006. Field of the Invention This invention concerns fire suppression
systens using devices for emtting atom zed liquid, the device injecting
the liquid into a gas flow streamwhere the Iliquid is atom zed and
projected away fromthe device onto a fire. Background of the Invention
Fire control and suppression sprinkler systens generally include a
plurality of individual sprinkler heads which are usually ceiling nounted
about the area to be protected. The sprinkler heads are nornally
maintained in a closed condition and include a 2 thermally responsive
sensing nenber to determ ne when a fire condition has occurred. Upon
actuation of the thermally responsive nenber, the sprinkler head is
opened, permtting pressurized water at each of the individual sprinkler
heads to freely flow therethrough for extinguishing the fire. The

i ndi vi dual sprinkler heads are spaced apart from each other by distances
determ ned by the type of protection they are intended
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This application is based on and claims priority
to U.S. Provisional Application No. 60/689,864, filed
June 13, 2005 and U.S. Provisional Application No.
60/776,407, filed February 24, 2006.

Field of the Invention

This invention concerns fire suppression systems
using devices for emitting atomized liguid, the device
injecting the liquid into a gas flow stream where the

liquid is atomized and projected away from the device

onto a fire.

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

maintained 1n a closed condition and include a



to provide (e.g., light or ordinary hazard conditions) and the ratings of
the individual sprinklers, as determ ned by industry accepted rating
agenci es such as Underwriters Laboratories, Inc., Factory Miutual Research
Corp. and/or the National Fire Protection Association. In order to mnimze
the del ay between thermal actuation 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 times filled with water. This is known
as a wet system with the water being infrediately available at the
sprinkler head upon its thermal actuation. However, there are many

situations in which the sprinkler systemis |nstalled in an unheated area,
such as war ehots¥de Ly (FEPENSIiVGabPBASENS i FeP ettt S PSitER I8 Haen, 2and in

particular, singe-dhg a8l %a@%cl‘;h%&lg m?]&m'é&tm%lwnp'o@g cgystem over
| ong perlods of time, there is a danger of e water wthin the pipes

freezing. This VW¢Hmaﬂﬂy(ﬂﬂapQ@@ugﬁs@Eybarfetﬂetinxlndﬁ@namead o6 t he

sprinkler syste oul d the. sprinkl head thernall actuated while
there may be .c€5%55¢%<ﬁﬁa¥%§?m ?hprgFﬁ%rbT%%s but’, C%re z?ﬁ i f

ext ensi ve, can tes$ikiddial tﬁ'}jﬁlblllkrlﬁtrl Rgaa$ t@ef:mqms flotme;lh@métdesh@myl ng the
sprinkler system Accordingly, in those situations, is the conventional

practice to @%Ft?%?kﬂ%ﬂ%ﬁf%@@vépﬂ 6t T&ny V%EG%HQhﬁ%qﬂjllﬁ?rﬁﬁhleéctlvated
condi tion. Th'Shééﬁé“H¥M1§§%d%dd%$a&kr?rom each other by distances

determined by the type of protection they are intended
to provide (e.g., light or ordinary hazard conditions)
and the ratings of the individual sprinklers, as
determined by industry accepted rating agencies such as
Underwriters Laboratofies, Inc., Factory Mutual
Research Corp. and/or the National Fire Protection

Association.

In order to minimize the delay between thermal
actuation 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
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, thefe are many situations in which the
sprinkler system is installed in an unheated area, such
as warehouses. In those situations, if a wet system 1is
used, and in particular, 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. This will not only adversely affect the
operation of the sprinkler system should the sprinkler

heads be thermally actuated while there may be ice



protection system When actuated, traditional sprinkler heads release a
spray of fire suppressing liquid, such as water, onto the area of the fire.
The water spray, while somewhat effective, has several disadvantages. The
wat er droplets conprising the spray are relatively large and w | cause
wat er damage to the furnishings or goods in the burning region. The water
spray also exhibits Ilimted nodes of fire suppression. For exanple, the
spray, being conposed of relatively large droplets providing a snall tota
surface area, does not readily absorb héat and, therefore, cannot operat e
efficiently to prevent spread of the fire by lowering the tenperature of

t he anbi ent ai r ir 'y dr.opl et | so_do not. bl ock radiative
heat transfer %égfggggvgpg?I%hgﬁ%béqgi 3ﬁthgsgﬁ§ f%%zg%g%p?%ad by this
node. The spragxtentheepocen doesunotiditsel acest Oxygen fremides,anbient air

around the fire, nor is there ugaﬁ%l sufficient downward npnentum of the
droplets to ov&rEsRRYt ABS SAOKE DI &L EACRYPhe™- baReCOFIYHE Wire. Wth

these di sadvantagesock8 Bipdat d6Yices: iSUGReaSontESONSNEE b phes)caMich
atom ze a fire suppressing 4 1liquid, have been considered as repl acenents

for tradition&RvspEhAkPepiheadsyoResUnanye welibesduseng atbustdt ener gy,
generated by a@c??%hkgﬁtﬁéXdpﬁﬁﬁﬁg[e?gﬁ?%% kgégﬁagggg?%9§tyﬁﬁy a gas jet and

a cavity, to atomze alrquid I Njec in e’ regi on near
protection system.

When actuated, traditional sprinkler heads release
a spray of fire suppressing liquid, such as water, onto
the area of the fire. The water spray, while somewhat
effective, has severai disadvantages. The water
droplets comprising the spray are relatively large and
will cause water damage to the furnishings or goocds in
the burning region. The water spray also exhibits
limited modes of fire suppression. For example, the
spray, being composed of relatively large droplets
providing a small total surface area, does not readily
absorb heat and, therefore, cannot operate 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 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.

With these disadvantages in mind, devices, such as

resonance tubes, which atomize a fire suppressing



t he resonance tube where the acoustic energy is present. Unfortunately,
resonance tubes of known design and operational node generally do not have
the fluid flow characteristics required to be effective in fire protection
applications. The volunme of flow fromthe resonance tube tends to be

i nadequate, and the water particles generatéd by the atom zation process
have relatively low velocities. As a result, these water particles are
decelerated significantly within about 8 to 16 inches of the sprinkler head
and cannot overcome the plume of rising“%onbustion gas generated by a'fire.
Thus, the water particles cannot get to the fire source for effective fire

suppr essi on. F%pthernn e, tge water . partjcle size gene atgd by the
atoni zation is lﬂﬁéﬁfe%??%e 3?“r%%%%%#%f%#u?Sofﬁ@iﬁcgﬂﬁPgﬁt o suppress a
fire if the anbientttieRner abuigkisr el S55@esoAdditi eapkEyus&nown resonance

tubes require relatively large gas volunes delivered at high pressure. This
produces unst alfIc®Ug&s cf FBRL Wi cHcpRireret &Y gngAfiéaptoracpisiserener gy and

separates from,defl eqtar,8uiLacEs: a0l e g el iaﬁdt%a%g*r;tg,l egding to

inefficient atomzation e water. re s clear need for a fire
suppr essi on sysitemikhaviangignidt ohazi g enjeicted that oper atgsSomurenr
efficiently than known resongnce tubes. Such an_ emtter wuld ideally use

smal | er vol unes6f T§38MaPCC| bURF Press res A-0USFoGuEBSEBY T &i ent vol ume of

present.

Unfortunately, resonance tubes of known design and
operational mode generally do not have the fluid flow
characteristics required to be effective in fire
protection applications. The volume of flow from the
resonance tube tends to be inadequate, and the water
particles generated by the atomization process have
relatively low velocities. As a result, these water
particles are decelerated significantly within about 8
to 16 inches of the sprinkler head and cannot overcome
the plume of rising combustion gas generated by a fire.
Thus, the water particles cannot get to the fire source
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
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.



atom zed water particles having a snmaller size distribution while

mai nt ai ni ng significant nonmentum upon di scharge so that the water particles
may overcome the fire snoke plunme and be nore effective at fire
suppression. Brief Description of the Drawings Figure 1 is a schematic
diagramillustrating an exenplary fire suppression systemaccording to the
invention; Figure 2 is a longitudinal sectional view of a high velocity

| ow- pressure emtter used in the fire suppression systemshown in Figure 1;
_Figure 3 is a longitudinal sectional view showing a conponent of the
emtter depicted in Figure 2; Figure 4 is a longitudinal sectional view
showi ng a conponent 1,0t depi ded igure 2; igure 5is a

| ongi t udi nal secti ongfeg\/élqg‘vﬁes loev?n%rr%é/ gahgéﬁp%éngn‘%: %Jnget hﬁerpgnli]:etst%grogdepi cted in
Figure 2; Figurey$tems feviorgidruditnall zsegt enhiat e vi tave ts lopd mag e samoosponent  of
the emtter depicied in Fiqure 2; and 6 Figure 7 is a diagram depicting
fluid flow fromef#ecleerﬁttltye?clgﬁefbﬁﬁoﬁ’ﬁoﬁeao%%‘ﬂ?? eTHIHF hot gft of the

em tter shown ianft@d eilid ieRenati QBe Eh@UI€r 8/d Surnde LiAF0IAM depi cting
predicted fluid flow from another enbodinment of the emtter. Detailed
Descri ption of @eeERGH MRS U furdute| spisteians, valirsciwdmatic form an

exanpl e fire suppression, syst em Al Aeconding te LNe1er size

distribution while maintaining significant momentum
upon discharge so that the water particles may overcome
the fire smoke plume and be more effective at fire

suppression.

Brief Description of the Drawings

Figure 1 is a schematic diagram illustrating an
exemplary fire suppression system according to 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;

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

a component of the emitter depicted in Figure 2;

Figure 5 is a longitudinal sectional view showing

a component of the emitter depicted in Figure Z;

Figure 6 is a longitudinal sectional view showing

a component of the emitter depicted in Figure 2; and



invention. System 11 includes a plurality of high velocity |ow pressure
emtters 10, described in detail below Emtters 10 are arranged in a
potential fire hazard zone 13, the system conprising one or nore such
zones, each zone having its own bank of emtters. For clarity, only one
zone is described herein, it being understood that the description is
applicable to additional fire hazard zones as shown. The emtters 10 are
connected via a piping network 15 to a %?urce of pressurized water 17. A
water control valve 19 controls the flow of water fromthe source 17' to
the emtters 10. The emitters are also in fluid comunication with a source
of pressurized gas 21 through a gas conduit network 23. The pressurized gas
is preferably an inert gas such as nitrogen, and is nmintained in banks of
hi gh- pressure cyl i ndégsr@57 ii)didmhgraneﬁepmytbagpfbsswrfk@m fuprt 0 2, 500
psig. For lar st ens ich require | arge volu as,.one or nore

| ower pressuregﬁﬁnéglfaﬁﬁmgaﬁ%ﬁ PEiTy)? ﬁ%@#garegoPﬂﬁég %g?ﬁ%féﬂﬁ%r of 30, 000
gal l ons may beeuwseder7shy@hVes Pilgiofe ylinndgesalboate preferably maintai ned
in an open state in comunication with a high pressure manifold 29. Gas
flow rate and pressure fromthe manifold to the gas conduit 23 are
controlled by a hwgbupéessmseagaSagnmmrdﬁpi&ﬂing:iredmaﬂﬁdnﬁéwid t he
conduit 23 downstream of the hi ressure o trol . valve 31 is nmonitored by
a pressure tradnS¥ud&PM33NoERSH & §§§m%%Ft t%%ﬁttéﬁ], n each fire hazard
zone

Detailed Description of the Embodiments

Figure 1 illustrates, in schematic form, an
example 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 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.

The emitters 10 are connected via a piping nztwork
15 to a source of pressurized water 17. A water
control valve 19 controls the flow of water from the
source 17 to the emitters 10. The emitters are also in
fluid communication with a source of pressurized gas 21
through a gas conduit network 23. The pressurized gas
is preferably an inert gas such as nitrogen, and is
maintained in banks of high-pressure cylinders 25.
Cylinders 25 may be pressurized up to 2,500 psig. For
large systems which require large volumes of gas, one
or more lower pressure tanks (about 350 psig) having

volumes on the order of 30,000 gallons may be used.



13 is further controlled by a | ow pressure valve 35 downstream of the
pressure transducer. Each fire hazard zone 13 is nonitored by one or nore
fire detection devices 37. These detection devices operate in any of the
vari ous known nodes for fire detection, such as sensing of flane, heat,
rate of tenperature rise, snoke detection or conbinations thereof. The
system conponents thus described are coordinated and controlled by a
control system 39, which conprises a control panel 41 and a progranmabl e
|l ogic controller 43. The control system conmunicates wth the system -
conponents to receive information and issue control comuands as foll ows.

Each cylinder valve ldé% @qnl%oggglgéeggt%gt S %%%%r%%@ﬁn or closed) by a

supervisory |loop 45 t comuni cat es stemcontrol panel 41,
whi ch prOV|desm&unMamnﬁd iimdiacabpen statéencykmmmmncwahme wstatas. Vater

control valve 19.is also in |on mnt contr ol neI 41 via a
communi cati on éb qﬁ,&;%ffuaﬁhweﬁ"ggﬂgmz t hé’3fa wlgaFS B nBﬁ??BV%% and

control | ed (opefesh and Gla@SEd) dbyot bre CO r@noﬁm&t em ardl Bbhatbyiegas
control valve 35 comrunicates with the control systemvia a conmunication

line 49, and thY &ivighd@ressiuss davi ee’t 37l dlalyecorhruniPeass Uit hnt he
control systemwmia C%Q{HT%' oat 'd%n%'t?% 5<§f t-lmaeh Ey ?ﬁ:"érs%u‘ifr agggygg{ 35

provides its sighals to the progranna e logic I'er 43 over
communi cation valve 31 is monitored 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.

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
temperature rise, smoke detection or combinations

thereof.

The system components thus described are
coordinated and controlled by a control system 39,
which comprises a control panel 41 and a programmable
logic controller 43. The control system communicates
with the system components to receive informatibn and

issue control commands as follows.

Each cylinder valve 27 is monitored as to its
status (open or closed) by a supervisory loop 45 that
communicates with the system control panel 41, which
provides a visual indication of the cylinder valve
status. Water control valve 19 is also in

communication with control panel 41 via a communication



i ne 53. The progranmable logic controller is also in comunication with
the high pressure gas valve 31 over communication line 55 and wth the
control panel 41 over conmunication line 57. in operation, fire detectors
37 sense a fire event and provide a signal to the control panel 41 over
comuni cation line 51. The control panel actuates the |logic controller 43.
Note that controller 43 nay be a separate controller or an integral part of
the high pressure control valve 31. The gogic controller 43 receives a
signal fromthe pressure transducer 33 vi conmmruni cation line 53 indicative
of the pressure in the gas conduit 23. The logic controller 43 opens the

high pressure gaseval Ve B3kiilheushencopit ol pangl il (RRERS rclhengas
control valve 35 and the water control valve 19 using respective

communi cat i on | fpesraBlethd rnedNiandogénseéd byt aiiks 2B tared watséenmf r om sour ce
17 are thus permitied to flow through_gas ndui t 23 _and water i pi ng
network 15 respé%??%% f@ ﬁﬁg?é%?%ﬁoéaygrvep$€§§WH§q%ﬁ§%W%ﬁlF oﬁggation of
the enmitters 10costrdetsyesrerabdut al cpaingn ang: houti k0 4951 Ginas téescri bed

bel ow. The logic controller 43 operates valve 31 to 9 mmintain the correct

gas pressure (béthRelf ETUCRHCVESEE dhd2abR Ut TGN JHdY IE6% rate to

operate the empters 10, mMdhin o herRananet 55 as desori beg bel ow.  Upon
sensing that the fire is extinguished, the control panel 41 closes the gas

and wat er val vepr@sswarel Uinshtent Be bogitdednttroldignad3d dlosés the high
pressure programmable logic controller 43 over communication
line 53. The programmable logic controller is also in
communication with the high pressure gas valve 31 over
communication line 555 and with the control panel 41

over communication line 57.

In operation, fire detectors 37 sense a fire event
and provide a signal to the control panel 41 over
communication line 51. The control panel actuates the
logic controller 43. Note that controller 43 may be a
separate controller or an integral part of the high
pressure control valve 31. The logic controller 43
receives a signal from the pressure transducer 33 via
communication line 53 indicative of the pressure in the
gas conduit 23. The logic controller 43 opens tha high
pressure gas valve 31 while the control panel 41 opens
the gas control valve 35 and the water control valve 19
using respective communication lines 49 and 47.
Nitrogen from tanks 25 and water from source 17 are
thus permitted to flow through gas conduit 23 and water
piping network 15 respectively. Preferred water
pressure for proper operation of the emitters 10 is
petween about 1 psig and about 50 psig as described

pelow. The logic controller 43 operates valve 31 to



control valve 31. The control system 39 continues to nonitor all the fire
hazard zones 13, and in the event of another fire or the re-flashing of the
initial fire the above described sequence is repeated. Figure 2 shows a

| ongi tudi nal sectional view of a high velocity |ow pressure emtter 10
according to the invention. Emtter 10 conprises a convergent nozzle 12
having an inlet 14 and an outlet 16. Qutlet 16 may range in dianeter

bet ween about 0.125 inches to about 1 inch for many applications. Inlet 14
isin fluid comunication with a pressurized gas supply 18 that provides
gas to the nozzle at a predeterm ned pressure and flowrate. It is

advant ageous, that sthenNORel £olZechiaye 3 kked SROVRLORNLAeSy SUTTace 20,

al t hough ot her shapes, such as a nedar tapered surface, are also
f easi bl e. A defdséet endsabbated 220$ka)pasid ifdred renespacederaparthea el ati on

ith the nozzle 1 a 24 _bein est abl i shed between.t he defl ect
2erace andthgmlﬁgffﬁg?guyfg?%hT%h?gﬁﬂf%%%&efﬁnaé FRSET 2Re e?gﬁﬂﬁpaggut 0.1

inches to aboump@ﬂéeh@@hgsm%eu@fﬂi%t als sutfiageisRadi sthel ébddrsspaced
relation fromthe nozzle by one or nore support |legs 26. 10 Preferably,
defl ector surf&é@e224doRpPPsestas fIat ¢ facerpdrtiven 28 audstantdrd |y

aligned with thee ng%E%BH%LSh&%4?"&‘10%%53@%991%# pcesppLtion 30

contiguous with an urroundi ng the flat portion. a portion 28 is

substanti al | y penpendi calae 8bd.t hBhgaontrol system 39 continues to
monitor all the fire hazard zones 13, and 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
invention. Emitter 10 comprises a convergent nozzle 12
having an inlet 14 and an outlet 16. Outlet 16 may
range in diameter between about 0.125 inches to about 1
inch for many applications. Inlet 14 is in fluid
communication with a pressurized gas supply 18 that
provides gas to the nozzle at a predetermined pressure
and flow rate. It 1s advantageous that the nozzle 12
have a curved convergent inner surface 20, although
other shapes, such as a linear tapered surface, are

also feasible.

A deflector surface 22 is positioned in spaced
apart relation with the nozzle 12, a gap 24 being
established between the deflector surface and the
nozzle outlet. The gap may range in size between about
0.1 inches to about 0.75 inches. The deflector surface
22 is held in spaced relation from the nozzle by one or

more support legs 26.



flow fromnozzle 12, and has a m nimum di aneter of about 0.1 inches |arger
than 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 about 15 and about 45 and, along wth the size of gap 24,

determ nes the dispersion pattern of the flowfromthe emtter. Deflector
surface 22 may have ot her shapes, such as the curved upper edge 34 shown in
Figure 3 and the curved edge 36 shown in Figure 4. As shown in Figures 5
and 6, the deflector surface 22 may al so ithclude a closed end resonance
tube 38 surrounded by a flat portion 40 and a swept back, angled portion 42
(Figure 5) or a curved portion 44 (Figure 6). The dianmeter and depth of

t he resonance cavity nay be approximtely equal to the dianeter of outlet

16. Wth reference agedfeddp iR gdeg12ctan SNPEAES 2 chasriar A6 surigunds
nozzle 12. Chanber 46 is in fluid communication with a pressurized liquid
supply 48 that SPFERFYUSCH Y9 Ai8d StbstRatEépbhbherl ined priddettéveni ned

pressure and flQu sal &uA Y ur@l ity af QH%%%CI g%frefgceéwborfgi%rp the chanber 46.

Each duct has an exit orifice 52 positio acent to nozzle outlet 16.
The exit 11 orfdntesudiey evid icantetser rofindbogt t e 0628 ipwettesn. Prégerred

di stances bet vvesn %lhgn z.ISe s%'}';tlet thl?nd the exit orifices 52 range
bet ween about 0°015 Thches S 55560 161 185PF RS A dfedSurdd §PSng a radi us

line fromthe edge for heoAWzzl1@, 0uhbiehat 0a then GhosestanRdge of
about 0.1 inches larger than 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 the size of gap 24, determines the dispersion

pattern of the flow from the emitter.

Deflector surface 22Imay have other shapes, such
as the curved upper edge 34 shown in Figure 3 and the
curved edge 36 shown in Figure 4. As shown in Figures
5 and 6, the deflector surface 22 may also include a
closed end resonance tube 38 surrounded by a flat
portion 40 and a\swept back, angled portion 42 (Figure
5) or a curved portion 44 (Figure 6). The diameter and
depth of the resonance cavity may be approximately

equal to the diameter of outlet 16.

With reference again to Figure 2, an annular
chamber 46 surrounds nozzle 12. Chamber 46 is in fluid
communication with a pressurized liquid supply 48 that
provides a liquid 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 adjacent to nozzle outlet 16. The exit



of the exit orifice. Liquid, for exanple, water for fire suppression, flows
fromthe pressurized supply 48 into the chanber 46 and through the ducts

50, exiting fromeach orifice 52 where it is atom zed by the gas flow from
the pressurized gas supply that flows through the nozzle 12 and exits

t hrough the nozzle outlet 16 as described in detail below Emtter 10, when
configured for use in a fire suppression system is designed to operate
with a preferred gas pressure between a?Qut 29 psia to about 45 psia at
the nozzle inlet 14 and a preferred water™ pressure between about 1 psig and
about 50 psig in chanber 46. The preferred gas is nitrogen. Operation of

the emtter 10 4.5 fdeser haed W bhanéed £TENCRIQ bi.gune (nwhbgh is a draw ng
based upon Schlieren photographic analysis of an operating emtter. Gas 45

exits the nozzl&?&ﬁﬂﬂnﬂd @6Séﬁnabéubemmﬁﬂﬁ thes ngn@ lenputiges oA amé defl ector
surface 22. 'te%‘%o‘é% ¥, uat sg bde'tzy%% %?guftrB ¢xi 155#? Lifices 52.

12 Interactlon etween t hie gas sur ace est abl i shes
a first shock ftronrtbond lbetl®Eennchae m@nmd&sunﬂd atl ohG andatihesdefhect or

purface 22 A ook omb,l 3,2gheahon. of Ugutransiil on Loom syperson o
region of the fdf sthe ehQeKolhi@Nted4. Liquid, for example, water for

fire suppression, flows from the pressurized supply 48

into the chamber 46 and through the ducts 50, exiting

from each orifice 52 where it is atomized by the gas

flow 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
suppression system, is designed to operate with a
preferred gas pressure between about 29 psia to about
45 psia at the nozzle inlet 14 and a preferred water
pressure between about 1 psig and about 50 psig in

chamber 46. The preferred gas 1s nitrogen.

Operation of the emitter 10 is described with
reference to Figure 7 which is a drawing based upon
Schlieren photographic analysis of an operating

emitter.

Gas 45 exits the nozzle outlet 16 at about Mach
1.5 and impinges on the deflector surface 22.
Simultaneously, water 47 is discharged from exit

orifices 52.



A second shock front 56 forns proximate to the deflector surface at the
border between the flat surface portion 28 and the angled surface portion
30. Futhernore, shock dianmonds 58 formin a region along the angled
portion 30, the shock dianonds initially defining the |iquid-gas stream 60
whi ch projects outwardly and dowmwardly fromthe emtter. The shock

di anonds are also transition regions between super and subsonic flow
velocity and are the result of the gas I%OM/being overexpanded as it exits
t he nozzle. Overexpanded flow descri bes flow regi me wherein the external
pressure (i.e., the anbient atnospheric pressure in this case) is higher

than the gas exit pressyreidt tde,dzzhe. gIQ' §5p599wc‘ﬁé 9@%%%9“0“

waves which reflect fromthe free jet boundary 49 marking t mt between
the |iquid-gas sstrifeam 60 asdab Lhehemts énwsatﬁbsphefeonﬂh@4cﬁﬁﬁWpﬁm shock

fl ect t th k d
S ani fcant Sholr FOFes &r's- B odCUR 1oL ARG PF GaF df Bas et r%am 80, whi ch

i deal | y does nehoseparahe iéromddieordelf gcbar tsanbaceonatthough the emitter
is 13 still effective if separation occurs as shown at 60a. Water
di schar ged froﬁPPﬁéSBPFFlE%SS%QF?%9Qﬁﬁ%%%Cﬁéd -wi FAteEhe7 gasl f 819 4Heat the

second shock frnt;56sf 9y NiHgs the: ddw dngas.gtLean 60 uhef g he shear
forces developed therein are the primary nmechanismfor atom zation. The

wat er al so encotacsr §rohe Shock di anonds 58, which are

A second shock front 56 forms proximate to the
deflector surface at the border between the flat
surface portion 28 and the angled surface portion 30.
Futhermore, shock diamonds 58 form in a region along
the angled portion 30, the shock diamonds initially
defining the liquid-gas stream 60 which projects
outwardly and downwardly from the emitter. The shock
diamonds are also transition regions between super and
subsonic flow velocity and are the result of the gas
flow being overexpanded as it exits the nozzle.
Overexpanded flow describes a flow regime wherein the
external pressure (i.e., the ambient atmospheric
pressure ,in this case) 1s higher than the gas exit
pressure at the nozzle. This produces obligue shock
waves which reflect from the free jet boundary 49
marking the limit between the ligquid-gas stream 60 and
the ambient atmosphere. The obligue shock waves are
reflected toward one another to create the shock

diamonds.

Significant shear forces are produced in the
ligquid-gas stream 60, which ideally does not separate

from the deflector surface, although the emitter is



a secondary source of water atom zation. Thus, the emtter 10 operates with
mul tiple nmechanisns of atom zation which produce water particles 62 |ess
than 20 pmin dianeter, the najority of the particles being neasured at

| ess than 5 pm Furthernore, the particles maintain significant downward
nonmentum allowing the liquid-gas stream 60 to overcone the rising plune of
combustion gases resulting froma fire. The flow fromthe emtter is
observed to inpinge on the floor of the.roomin which it is operated. The
sweep back angle 32 of the angled portion 30 of the deflector surface 22
provi des significant control over the included angle 64 of the 1iquid-gas

stream 60. | nclyded angles ok atfogtepéL;Qtl@ﬁ & ashiLevable o Addit kgpal control
over the dispersion pattern of the flowis acconplished by adjusting the

gap 24 bet ween Wdee moZAcdaggedet r 06 ah@ o hvief ideefd €6t drs esirhaced ®uth ng

emtter operati is further erved at .t Ia er _that
accunul ates at f&e(%elpﬁ%g4§f%ta95§on1 %ﬁ?ré}%f ONED%Er mﬁﬁ?og?%e gas

stream 45 exitiiqpﬁdugamoazkea&ndoiSheﬁérﬁﬂdmghddrtﬂaiCEBOWeGQloééd Thi s adds
to the multiple nodes of extinguishment characteristic of the enltter as
descri bed bel ow;Sfife ettt &lScRGSBETY PP BT G dEe LTt hel D

atom zation of e Walifo IdM@uhhe re8xtrenehycis MaldmorRayr tisG! %h§b§e§rgescrl bed
above. This robs the fire of heat and helps nitigate spread of conbusti on.
The a secondary source of water atomization.

Thus, the emitter 10 operates with multiple
mechanisms of atomization which produce water particles
€2 less than 20 pum in diameter, the majority of the
particles being measured at less than 5 pm.
Furthermore, the particles maintain significant
downward momentum, allowing the liquid-gas stream 60 to
overcome the rising plume of combustion gases resulting
from a fire. The flow from the emitter 1s observed to
impinge on the floor of the room in which it 1is
operated. The sweep back angle 32 of the angled
portion 30 of the deflector surface 22 provides
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

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 gas stream 45

exiting the nozzle and is entrained in the flow 60.



nitrogen gas flow and the water entrained in the flow replace the oxygen in
the roomw th gases that cannot support conbustion. Further oxygen depl eted
gases in the formof the snoke |layer that is entrained in the flow also
contributes to the oxygen starvation of the fire. It is observed, however,
that the oxygen level in the roomwhere the emtter is deployed does not
drop below about 16% The water particles and the entrained snoke create a
fog that blocks radiative heat transfer fromthe fire, thus mtigating
spread of conbustion by this node of hedt® transfer. Because of the ’
extraordinary |large surface area resulting fromthe extrenely small water

particle size, readil b r for. am whi ch
further displaé@gﬁsggﬁgiﬁf g%?orué%ﬁég% ??d%?fﬁi |§gg§ﬁ§%ﬁgﬁgs maintain a
st ahl e t enper atchaaoEdaltliy assoteatedtinet e dqesase betdr drsioli.on. The m xi ng
and the turbulence created by the emtter also helps |ower the tenperature
inthe region around the fire. The emtter is unlike resonance tubes in

that it does not profueesisit@n theadt aAcossid N Gtoplelie RBI 8Be(the sound
generated by air noving over an object) is the only acoustic output from

the emtter. 153tdHezamant @ $hcetansrsenphastio sitgmmaloasmatiequency

nown types of §Ssonance TiBee ahd” Aos ot CantT FhuCe S ontFredn 1y Lo

wat er atoni zatilomt Rurd herlpsr evittibetel epréadmt heorenmidttien .i s Takabl e
nitrogen gas flow and the water entrained in the flow
replace the oxygen in the room with gases that cannot
support combustion. Further oxygen depleted gases in
the form of the smoke layer that is entrained in the
flow also contributes‘to the oxygen starvation of the
fire. It is observed, however, that the oxygen level
in the room where the emitter is deployed does not drop
below about 16%. The water 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. Because of the
extraordinary large surface area resulting from the
extremely small water particle size, the water readily
absorbs energy and forms steam which further displaces
oxygen, absorbs heat from the fire and helps maintain a
stable temperature typically associated with a phase
transition. The mixing and the 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
noise (the sound generated by alir moving over an

object) is the only acoustic output from the emitter.



and does not separate fromthe deflector surface (or experiences del ayed
separation as shown at 60a) unlike the flow fromresonance tubes, which is
unstabl e and separates fromthe deflector surface, thus leading to
inefficient atom zation or even |loss of atom zation. Fire suppression
systens according to the invention using emtters as described herein
achieve nultiple fire extingui shnent nodes which are well suited to
control the spread of fire while using |less gas and water than known
systens.. Another emtter enbodi nent 103 s shown in Figure 8. Emitter 101
has ducts 50 that are angularly oriented toward the nozzle 12. The ducts

are angul arly i ent i r.ect. .t.he t g i QU oward the
gas 85 so as trtr)l%en ra?%%%ed#elrtqglltoétsignhtg%eggags){grglr%%anrg géjrlteg;ut%ﬁlgg/fi rst shock
front 54. It i|isobhebneved hidratr tthias abpanhgéneit Wdlf add ygterartdiber regi on

of atomzation in the creatian of the |iquid-gas stream .60 oprojected from
The emtter 110ra8unos s et eroyS ol TRt i et 1 re
suppr essi on sygbes n&ai dbisysitrivdavigng £188n €Y t @My LW rd totiGatdonozzl e

havi ng an unobstructed bore positioned between an inlet and an outlet, said
nozzl e inlet being connected in fluid communication wwth a pressurized gas

source, said ol | ety havidign s dll ARl &l o Aclufl ¢ nSCRA Al Tromsand nozzl e and
connected in fluid communication wth a pressurized l1quid source, said
duct havi ng anaedai do®s i fotcesquesidticodedm adgadentedto saduwk frrazz | @rout | et ;
experiences delayed separation as shown at 60a) unlike
the flow from resonance tubes, which is unstable and

separates from the deflector surface, thus leading to

inefficient atomization or even loss of atomization.

Fire suppression systems according to the
invention using emitters as described herein achieve
multiple fire extinguishment modes which are well
suited to control the spread of fire while using less

gas and water than known systems.

Another emitter embodiment 101 is shown in Figure
8. Emitter 101 has ducts 50 that are angularly
oriented toward the nozzle 12. The ducts are angularly
oriented to direct the water or other liquid 87 toward
the gas 85 so as to entrain the liquid in the gas
proximate to the first shock front 54. It is believed
that this arrangement will add yet another region of
atomization in the creation of the liquid-gas stream

60 oprojected from the emitter 11.



a deflector surface positioned facing said nozzle outlet in spaced rel ation
thereto, said deflector surface conprising a flat surface oriented
substantially perpendicularly to said nozzle, said flat surface having a
wetted area defined by a mini mum di amet@er approxi mately equal to said
outlet dianeter; said nethod conprising: discharging said liquid fromsaid
exit orifice; discharging said gas fromsaid nozzle outlet, said gas

achi evi speed; establishing a first shock front between said
out | et aqlg %gﬁ%glwfect or surface wherein said gas slows to subsonic speed
and then inpinges on said wetted area; establishing a second shock front

proximate to IS thethbl eftaperating ackire s@ppresgion JyRYeAY salt Hpstefhdvingt t ed
area and increasing to supersonic spee bet ween said first shock front and
sai d second SHo@RIEEOLFRMPESHYecr easing in speed after passing through said

second shock o koifie h%QFr{gaéH'd%béﬁ‘u@déd Yk bE’itu%ﬂEEl t%%ve%hoéﬂ iﬁé@aﬁ&’gﬁai d

second shock front orma |1 quid-gas s reant and projecting sail
| i qui d- gas stautketn $aidmaozaialirdet béieg. coZmeétetEtrhﬂdldamrrdjmgamam elid a1 1,

wherein said SY stem conpri ses ressed gas tanks formng
said source & swrggg r?%éﬂur&gssaﬁ’p% ia ‘%1'996? @gﬁ %6 val ves, each one

bei ng associ af gdct, Weerél@qrr&in S GhoZ OIEPA 6P £6AnSE_dtiAFItRd c@a?nmﬁn%éﬂ%hw sory
| oop in comunication with said control valves for nonitoring the open and

cl osed st at ugvith aspriedsgired bquxﬂa$me“§¢, said dudt dhavingred ediprifise pgsitiomedor i ng
t he status ofagsg%tg:(én%%g noggll and mai ntai ning said control valves in an

open confi gur of said system
a deflector surface p05|t|oned facing said nozzle outlet in spaced relation

thereto, said deflector surface comprising a flat surface oriented
substantially perpendicularly to said nozzle, said flat surface having a
wetted area defined by a minimum diameter approximately equal to said
outlet diameter;

said method comprising:

discharging said liquid from said exit orifice;

discharging said gas from said nozzle outlet, said gas achieving supersonic
speed;

establishing a first shock front between said outlet and said deflector
surface wherein said gas slows to subsonic speed and then impinges on
said wetted area;

establishing a second shock front proximate to said deflector surface, said
gas moving across said wetted area and increasing to supersonic speed
between said first shock front and said second shock front, and decreasing
in speed after passing through said second shock front;

entraining said liquid in said gas proximate to said second shock front to
form a liquid-gas stream; and

projecting said liquid-gas stream from said emitter.

2. A method according to claim 1, wherein said system comprises:
a plurality of compressed gas tanks forming said source of
pressurized gas; a plurality of control valves, each one being associated

with one of said compressed gas tanks;



3. A nethod according to claim1, conprising establishing a plurality of
shock dianonds in said |iquid-gas stream 4. A nethod according to claim1,
conprising creating an overexpanded gas flow jet after exiting fromsaid
nozzle. 5. A nmethod according to clai ml¥, conprising supplying gas to said

it at 2 pressure Beres ARAYh 2% BobaRR) ARAUIEToRTRyoRes Rolet N0

according to claim conpri’si-ng supplyrng T qui at "a

pressure bet weenitabiogttht @séryanddiedeaustabls pSsgid dontfolnedivest @aedor ding to
claim11, further conprising, entraini n% said liquid wth s_%i d%%as roxi mat e
to said first shocklf MBRENOBCORPHEND 0@8@5%%%@% 8l a7 CoUtERleiaivesi d

fluid stream gaes,dlftainfePedial@ntfdPairisdnds] b Eﬁ%ro,n?igm'% ddring Met hod

according to claim1l, conprising creating no slgnific acoustic energy
from sai d eni openationhafrsaithsysfesn. noi se. 10. A nethod according to claim1,
further conprising generating nonmentumin said gas flowjet. 11. A nethod
according to claiml1, further conprising projecting said |iquid-gas stream

at a vel oci t y30A rabidd dccf¥irld tdTtRIMt 1, acdthtisiRgeebblidhnyta BB ramghss from

said emtter. 12. A nethod according to claim 1, further conprising

proj ecting sa$f¢p4<8dlaqu'demgSaﬁsdémwég@aatstréeam ocity of about 700 ft/mn at a
di stance of about 8 feet fromsaid emtter. 13. A nethod according to claim
1, further conprising establishing flow pattern fromsaid, emtter having a

predet er m ned4j Acheted ang@rdiryyto plagvii Ui dugnpiisiagairedtingrdn overeikpaaded

defl ector surface surrounding said flat surface. 14. A nethod according to
claim1, conp8®sflaY et aaieXddng framwaid PREZEE: sai d gas using a pressure
differential between the pressure in said gas and

5. A method according to claim 1, comprising supplying gas to said inlet at

a pressure between about 29 psia and about 60 psia.

6. A method according to claim 1, comprising supplyihg liquid to said duct

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

7. A method according to claim 1, further comprising entraining said liquid

with said gas proximate to said first shock front.

8. A method according to claim 1, wherein said fluid stream does not

separate from said deflector surface.

9. A method according to claim 1, comprising creating no significant

acoustic energy from said emitter other than jet noise.

10. A method according to claim 1, further comprising generating
momentum in said gas flow jet.

11. A method according to claim 1, further comprising projecting said
liquid-gas stream at a velocity of about 1,200 ft/min at a distance of

about 18 inches from said emitter.

12. A method according to claim 1, further comprising projecting said



the anbient. 15. A nethod according to claim11, conprising entraining said
liquid into said gas and atom zing said liquid into drops |less than 20 pm
in dianmeter. 16. A nethod according to claim1, conprising drawi ng an
oxygen depl eted snoke |ayer into said éés and entraining said snoke | ayer

with said | Iuwuletgqs%sstﬁéérﬁaéﬁ SV efRrity &%Bd&wool?t/rrﬁq rs%taheﬂtméﬂw&tt 0

claim1, conprising discharging an inert gas fromsaid outlet. A net hod
accordi ng to &fegtrfram sajgmmiterg di scharging a nmixture of inert and
chemcally active gases fromsaid outlet. 19. A nethod according to claim
18, wherein said gas m xture conprises air. 20. A nethod of operating a

fire suppressiin systher acardingytst @ainhayifoghearoaipridied estatpishiigifiowa nozzl e
havi ng an unobstruc ed bogjg%_ﬁosml oned between an in| etLHjand an outlet, said

nozzle inlet Fﬂﬁstf?f@ c8Hhad [tHer DAY A9 oRTRARteEDINGS Wctuded apg 8st§ilr| zed gas
source, said ﬂ"&/hﬁﬁ%%?ﬁn;’% el &Hrﬁ@ﬁtcﬁrsald"‘d@%&bor%%? g@té:t‘.lrf'&g'ﬁ’ﬂslcﬁ) QidAze! e and

connected in fluid cat'i on th a pressurized |1 qui rce, said
duct havi ng asuréadet. orifice p05|t|oned adj acent to said nozzle outlet; 19
a deflector surface positioned facing said nozzle outlet in spaced rel ation
thereto, said deflector surface conprising a flat surface oriented

substanti al | yipex métwo@%@trolrambocosabﬁn NOZBheprisiRl Urblviig SHidf |“r’cﬁﬂd hayg ng a
wetted area defined by a m ni mim di anetér approximately equal to said

outl et di amet%id gaaiusineehyeseerpdifisragtialdbeimeangihegpresisre inesdid 9asoandai d
exit orifice; %I %B?é’rﬂl ng said gas fromsaid nozzle outlet, said gas
achi evi ng supersom

15. A method according to claim 1, comprising entraining said liquid into

said gas and atomizing said liquid into drops less than 20 pm in diameter.

16. A method according to claim 1, comprising drawing an oxygen
depleted smoke layer into said gas and entraining said smoke layer with

said liquid-gas stream of said emitter.

17. A method according to claim 1, comprising discharging an inert gas
from said outlet.
18. A method according to claim 1, comprising discharging a mixture of

inert and chemically active gases from said outlet.

19. A method according to claim 18, wherein said gas mixture comprises

air.

20. A method of operating a fire suppression system, said system having
an emitter comprising:

a nozzle having an unobstructed bore positioned between an inlet and an
outlet, said nozzle inlet being connected in fluid communication with a
pressurized gas source, said outlet having a diameter;

a duct, separate from said nozzle and connected in fluid communication
with a pressurized liquid source, said duct having an exit orifice positioned

adjacent to said nozzle outlet;



speed; establishing a first shock front between said outlet and said
defl ector surface wherein said gas slows to subsonic speed and then

i mpinges on said wetted surface; establishing a second shock front
proximate to said deflector surface, safd gas noving across said wetted

area and i ncr } r.SQR: Faec(ﬂ ] I I ront and
sai d second ng%ﬂ&fg:f’g%#?fégﬁd&oggé&e%; ng 9 Pﬁﬁd\é\@%ﬁgpggi '%gég;éér%%ﬁﬁ{r'éﬁgh sai d
second shock theoslto, sait defledtog ssiefiade |dogupriking asfatds gdisceabriahtddeast one of

said shock fronts to forma liquid-gas. stream a rojecti sai d

i d-gas st Beenali ey 193516 hoRdE heR oA PEviBBA m 20,
further conprygiBd RBA Hifite@by &l Hinitudt b etdr SrdxEAatd QguaRtS shi sai d
second shock front. 22. A nmethod according to claim?20, further conprising
ent rai ni ng sabutlet/digoedersi t h sai d gas proximate to said first shock front.

23. A fire suppression system conprising: a source of pressurized gas; a
source of pre ﬂPi“Eté’c?dI?d'[]PH,s'”& | east one emtter for atom zing and

di schargi ng sdiséhdrgiiy dai@niduad Teshnidaid 8Ritdrgface;on a fire; a gas conduit
providing fluid comruni cati on between said pressurized gas source and said
emtter; 20 G@SEHPOMY pRidv@AKIrosLpaidNeZze gHtISh] PigLaS ATHRNIRG SSREEFINGI ng
net wor k provg'argggyag fluid conmmuni cati on between said pressurized liquid
source and sadld émtter; a first valve in said gas conduit controlling
pressure and édtablistihg aofirst ahdck Feentt metesset said touklet andssaid ddfleatare i n sai d
pi pi ng network cont rgl I i_ngS pressure and f|]ow rate 8f .

surface whereinsaid gas slows to subsonic speed and then impinges on

said wetted surface;

establishing a second shock front proximate to said deflector surface, said

gas moving across said wetted area and increasing to supersonic speed

between said first shock front and said second shock front, and decreasing

in speed after passing through said second shock front;

entraining said liquid in said gas at at least one of said shock fronts to

form a liquid-gas stream; and

projecting said liquid-gas stream from said emitter.

21. A method according to claim 20, further comprising entraining said

liquid with said gas proximate to said second shock front.

22. A method according to claim 20, further comprising entraining said

liquid with said gas proximate to said first shock front.

23. A fire suppression system, comprising:

a source of pressurized gas;

a source of pressurized liquid;

at least one emitter for atomizing and discharging said liquid entrained in
said gas on a fire;

a gas conduit providing fluid communication between said pressurized gas

source and said emitter;



said liquid to said emtter; a pressure transducer nmeasuring pressure within
said gas conduit; a fire detection device positioned proxinmate to said
emtter; said emitter conprising: a nozzle having an inlet and an outlet and
an unobstructed bore therebetween, saff inlet being connected in fluid

communi cat i org }Mpﬁrgg satWork, | Jepary@ #Bm SAHGRUEdRIuINEINSiFngirefRbek; a duct,
separate from said nozzle and connected in fluid communication wth said

second val ve,Prexiding ficid Ramimgnigatienibetyeeniseid peersusizedfliqsid sadrcepard ti oned
adj acent to %%ii&ieﬂﬁﬁ%#e outlet; a deflector surface positioned facing said
nozzl e outlet,” sai efl ector surface being positioned in spaced relation
to sai d nozzlefimitiave dndaidhgays ognduit icostrofingf presspee bharflow e of syida f 1 at
surface oriented substantially perpendicularly to said nozzle and a second
surface portiQﬂ?toc%?Jrarqr@it ran angl ed surface surrounding said flat surface,

said flat SLHE%J‘@HIN@Qn§a‘éHS ?@Hg ﬁ‘{e%@oﬁ@fsbﬂgﬁgﬁlé SréEEUF{HHHQio@v”?&%rof

approxi mately e to sal t~dianeter; control systemin

conmmuni cat i orsamd {iquishiadsdidremittery second val ves, said pressure transducer

and said fire detecti gn devi ce, said. control s%ﬂ%em receivin E,I gnals from
Yyad n

sai d pressur & Preariud@NSgHges Mepstiing Riesas id @S hen ing said

val ves in respapsaetertnsianad dosriohald proxithate 6 bgid émpesai d fire
detection device. 24. A systemaccording to claim23, further conprising: a

plurality of sigMitieegogrriziaaks conprising said source of pressurized
O 00 heROBAETR s FRIHII PO ePll o QIR Srbaan Petveen sai o
cl ai m 24, furtheesbetovgeni, Saitpinlet being connected in fluid communication with said

first valve, said outlet having a diameter;

a duct, separate from said nozzle and connected in fluid communication

with said second valve, said duct having an exit orifice separate from and

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 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.

24. A system according to claim 23, further comprising:

a plurality of compressed gas tanks comprising said source of pressurized
gas; and

a high pressure manifold providing fluid communication between said

compressed gas tanks and said first valve.



a plurality of control valves, each one being associated with one of said
conpressed gas tanks; and a supervisory loop in conmunication with said
control systemand said control val ves for nonitoring the status of said
control valves. 26. A system according %o claim 23, wherein said nozzle is a
convergent nozzle. 27. A systemaccording to claim 23, wherein said outlet
has a dianeter between about 1/8 and about 1 inch. 28. A system according
to claim23, Whehsyateniagcordingde dhim a4dftarﬁbefe¢0mbéi§!mn about 1/32 and

Curiace is  <hRAEAPL SRR JERL: L2 bRaReMd Rt R AR 8 PF ana”

about 3/4 ofcc&npr&scshd g’dﬁ; tafksy ahem accordl ng to cI aim 23, wherein said

angl ed surface has a s back an%I e bet ween 5£OUt 15 and aboHt 45
nmeasured frond S4PETVIFINL 09 1R geE My icagog Wit patt E8PHPheYE Mt PAF PRib,

wherein said @HtFoWdlvé&F‘oHr%oﬁ%ﬁ% thfereat&%ﬂsaetdgwtro%a@v%astance bet ween

about 1/64 and 1/8 of an inch A system according to im23, wherein
said nozzle is adapted to operate over a gas pressure range between about

29 psia and ut 60 si a, cording.to claim23, wherein said
duct 1o adapt 28 b svSissEctardiia 0 S ay Veee B gl e GaRYISRBE: |1

psi g and abougoBfe, psig. 22 34. A system according to claim23, wherei n
said duct is angularly oriented toward said nozzle. 35. A system according
to Claim23, further conprising a plurality of said exit orifices.

27. A system according to claim 23, wherein said outlet has a diameter
between about 1/8 and about 1 inch. |

28. A system according to claim 23, wherein said orifice has a diameter
between about 1/32 and about 1/8 inch. |

29. A system according to claim 23, wherein said deflector surface is
spaced from said outlet by a distance between about 1/10 and about 3/4

of an inch.

30. A system according to claim 23, wherein said angled surface has a
sweep back angle between about 15° and about 45° measured from said

flat surface.

31. A system according to claim 23, wherein said exit orifice is spaced

from said outlet by a distance between about 1/64 and 1/8 of an inch.

32. A system according to claim 23, wherein said nozzle is adapted to
operate over a gas pressure range between about 29 psia and about 60

psia.

33. A system according to claim 23, wherein said duct is adapted to

operate over a liquid pressure range between about 1 psig and about 50

psig.



36. A fire suppression system conprising: a source of pressurized gas; a
source of pressurized liquid;, at |east one emtter for atom zing and

di scharging said liquid entrained in said gas on a fire; a gas conduit
providing fluid comunication between 3aid pressurized gas source and said

emitier; a pigynd )3t docoP@RAMR! Gaili OfF) St dtedfsoid UYL and@ldip! P N

network providing fluid conmunication between said pressurized liquid
source and ogieftedritowerd saidfnezade.val ve in said gas conduit controlling
pressure and flow rate of said gas to said emtter; a second valve in said
pi ping network controlling pressure and flowrate of said liquid to said

emtter; a prEsEsEstehRBsElRig BBEERIM DY, RIrEREHESMPHEMGa P iBRSf eafadui t
a fire detection device positioned proxinmate to said emtter; said emtter
conpri sing: &XHo2ieeShavi ng an inlet and an outlet and an unobstructed bore
t her ebetween, said inlet being connected in fluid conmunication with said
first valve, said outlet having a dianmeter; a duct, separate from said

nozzl e and ca@tnecfieslsuppfdssioth sysremmicoatprisingwi th sai d second val ve, said
duct having an exit c%ri fice separate fromand positioned adjacent to said
nozzl e outl et® SY'GEATEREBTUEIHT 98% positioned facing said nozzle outlet,

sai d defl ect gf 5o fbfAFGHeB8LMEPRGIH: Ooned in spaced relation to said nozzle
outlet and having a first surface portion conprising a flat surface

oriented sutsdtieast ene pmigepéodaoumiaingand disthargiogzdaid digdica second surf ace
F?;tlgzrf;ggprlﬁﬁﬂgdﬁﬁgg&yggS%HEIﬁﬁg surrounding said flat surface, said
a gas conduit providing fluid communication between said pressurized gas
source and said emitter;
a piping network, separate from said gas conduit, said piping network
providing fluid communication between said pressurized liquid source and
said emitter;
a first valve in said gas conduit controlling pressure and flow rate of said
gas to said emitter;
a second valve in said piping network controlling pressure and flow rate of
said liquid 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 inlet being connected in fluid communication with said
first valve, said outlet having a diameter;
a duct, separate from said nozzle and connected in fluid communication
with said second valve, said duct having an exit orifice separate from and
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 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 m nimum di aneter approximately equal to
said outlet dianeter; and a control systemin comunication with said first
and second val ves, said pressure transducer and said fire detection device,
said control system receiving signal s2from said pressure transducer and

said fire detegts j | I I ' i gnal
i cat ve of a1 B ERYl BRI AU Efelet dFRRIELE sAual
accor di ng t o talsaidroR0et tiambkar; @odpri si ng drawi ng an  oxygen depl et ed snoke

: ?éﬁlr di_ 8;2 :fﬁ'rg%rﬂ;?gl sfyls?(\évmeﬁ%dcoerP\Hl.ﬁ%igét?& %?éhdsésigl}l(rgt ahg%eerco\rﬁ“.citvgl\%alsi,%aid
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.

37. A method according to Claim 20, further comprising drawing an
oxygen depleted smoke layer into said gas flow and entraining said smoke

fayer with said liquid-gas stream.



