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Cross-Reference to Related Applications 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
systens using devices for emtting atom zed liquid, the device injecting
the liquid into a gas flow streamwhere the liquid 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

mai ntained in a closed condition and include a 2 thernmally 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

FIRE SUPPRESSION SYSTEM USING HIGH VELOCITY LOW
PRESSURE EMITTERS

Cross~-Reference to Related Applications

This application 1is 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 ligquid, 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 in a closed condition and include a



heads are spaced apart from each other by distances determ ned 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 determ ned by
i ndustry accepted rating agencies such as Underwiters Laboratories, Inc.,
Factory Miutual Research Corp. and/or the National Fire Protection

Associ ation. In order to mnimze 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 al
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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)
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, there are many situations in which the
sprinkler system is installed in an unheated area, such
as warehouses. In those situations, 1f 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



t her eby destroying the sprinkler system Accordingly,

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 When actuated, traditional sprinkler heads release a spray
suppressing liquid, such as water, onto the area of the fire. The water
spray, while sonewhat effective, has sgveral disadvantages. The water,

droplets conprising the spray are relatively large and w |
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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 goods 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



4 liquid, have been considered as replacenents for traditional sprinkler
heads. Resonance tubes use acoustic energy, generated by an oscillatory
pressure wave interaction between a gas jet and a cavity, to atom ze a
liquid that is injected into the region near the 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 vol une of
flow fromthe resonance tube tends to be inadequate, and the water
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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.



across which it travels, leading to inefficient atom zation of the water. 5
There is clearly a need for a fire suppression system having an atom zi ng
emtter that operates nore efficiently than known resonance tubes. Such an
emtter would ideally use snmaller volunes of gas at |ower pressures to
produce sufficient volune of atom zed water particles having a smaller size
di stribution while maintaining significant nonentum upon di scharge so.that
the water particles may overcone the fire snoke plune and be nore effective
at fire suppression. Brief Description of the Drawings Figure 1 is a
schemati c di agranihi¢taists atlegran 2 exeapl Boy &i fersupppesssenosyst em
according to t@g i,nvention; Figure 2 is a |ongjtudinal sectional view of a
hi gh vel oci t3¥1 oW gressty ea%n?%%?zh%%demhttf%% Fi?k CRGpprEssi'Bhcsyst em
shown in Fi gaf @ diedd Oprenan i Bnéwh ORGs s Mg el + g865 1 onghcMi gw showing a
conponent of the emtter depicted in Figure 2; Figure 4 is a |ongitudinal
sectional vi¥w SN TRHLla cdnpbhentsof sidkl@ni Yebume@ppEt edsi AtFi gure 2
Figure 5is ongi t udi sect | | vi how gpent of the
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show ng atomized water particles having a smaller 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 2;

Figure 6 is a longitudinal sectional view showing

a component of the emitter depicted in Figure 2; and



a conponent of the emtter depicted in Figure 2; and 6 Figure 7 is a diagram
depicting fluid flow from the emtter based upon a Schlieren photograph of
the emtter shown in Figure 2 in operation. Detailed Description of the
Enbodi nents Figure 1 illustrates, in schematic form an exanple fire
suppressi on system 11 according to the invention. System 11 includes a
plurality of high wvelocity |ow pressurg emtters 10, described in detai

bel ow. Emitters 10 are arranged in a potential fire hazard zone 13, the
system conpri sing 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. Thedehtt{ets 209ar8reBnAeetebloPalauprpiAag nét@Brk 15 to a
source of pressuLhzedeabeted7uphnal SEn1 EOBLEOkRYRLYE LA aNthal S the flow
of water fromthe source 17; to the emtters 10. The emtters are also in
fluid communématien shoknaigotitgeref Zpiessperazedogas 21 through a gas
conduit network 23. The pressurized gas is preferably an inert gas such as
nitrogen, and is nmaintained in banks of high-pressure cylinders 25.
Cylinders 25pgByi D&dpPHessHi bZednuUprt one, BRAN-BShEntEOr | arge systens which

require | arge volumes of gas, one or nore I ower pressure tanks (about 350
psi g) having 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.



vol unes on the order of 30,000 gallons may be used. 7 Valves 27 of cylinders
25 are preferably maintained in an open state in conmunication with a high
pressure nmanifold 29. Gas flow rate and pressure fromthe 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 pressure control valve
31l is nonitored by a pressure transducefr 33. Flow of gas to the emtters 10
in each fire hazard zone 13 is further controlled by a | ow pressure val ve
35 downstream of the pressure transducer. Each fire hazard zone 13 is

moni tored by one Yalvesré’fpfecydéinderonitegkeepr8’erihége det ection

devices operate jn.any of the various, known nodes.for., fire getection, such
as sensing o?a%T% ?e%eé?,a?a?%ers tEfipeP at GFBUPT 8 1 SRoké tdefect i on or
conbi nati onshighepeofsufbensystemicoppongatsrt Busrgdescuhbegd rasgyreoor di nat ed
and controlled by a control system 39, which conprises a control panel 41
and a prograffebl ehe | Banefeddt Eol toe 48 ¢ﬁ@dééﬁpgéla§9s€éﬁﬁé@ﬁﬁﬁﬁicates

with the sys% compon P%g Lo resei ug, Lpfor i,gniand ;i ontrol
cormands ae P01 T olbe! ObR BoFrnaar VAT o7 Re oAtror BACRE FS ths  status
(open or cl osked)cbydai superabsnsyreanpodbthbahighopryBscakesontctkblt he system
control panel 41, which _

valve 31 1s 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.

Fach 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 information 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



provi des a visual indication of the cylinder valve status. Water control
valve 19 is also in conmmunication with control panel 41 via a conmunication
8 line 47, which allows the valve 19 to be nonitored and controlled (opened
and cl osed) by the control system Simlarly, gas control valve 35

communi cates with the control systemvia a communication |ine 49, and the
fire detection devices 37 also communicate with the control systemvia
comuni cation |ines 51. The pressure transducer 35 provides its signals to
the programmable |logic controller 43 over communication line 53. The

progr anmebl elirogi £7 comt toh | €1 Lows atis@ valveonwrunsd clag i @anitbhetihenbi gh
pressure gas valve 31 over comunication line 55 and with the control
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of the pressseridn tdhest GasvLONEburBeadhén | DOhEs CONtrobher 43 opens tha
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control val verssarrl thans@diesr contpodviddéyvell® signals to the

programmable logic controller 43 over communication
line 53. The programmable logic controller 1is also in
communication with the high pressure gas valve 31 over
communication line 55, 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 the high
pressure gas valve 31 while the contrcl 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
between about 1 psig and about 50 psig as described

below. The logic controller 43 operates valve 31 to



usi ng respective communication lines 49 and 47. Nitrogen fromtanks 25 and
water fromsource 17 are thus permtted to flow through gas conduit 23 and
wat er piping network 15 respectively. Preferred water pressure for proper
operation of the emtters 10 is between about 1 psig and about 50 psig as
described below The logic controller 43 operates valve 31 to 9 maintain
the correct gas pressure (between aboutg29 psia and about 45 psia) and flow
rate to operate the enmtters 10 within the paraneters as descri bed bel ow.
Upon sensing that the fire is extinguished, the control panel 41 closes the
gas and matemawthES 8% andr t8¢ct agds pheskogec (benweohl ebod8 eboses the high
pressure contyrol |l ve 31. ghe control system 39 continues to nonitor al

the fire haﬂ%ﬁhﬁz%m saq%utaﬁ PRIEhe?RYeht OV oFabRot RePPEERESOFNERE
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Figure 2 shows a longitudinal sectional viewof a high velocity |ow
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supply 18 that provides gas to the nozzle at a predeterm ned pressure and

flow rate. |¢oRlsrabvamtagedls thae €pethokzfestom 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. 1Inlet 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 is 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.



have a curved convergent inner surface 20, although other shapes, such as a
| i near tapered surface, are also feasible. A deflector surface 22 is
positioned in spaced apart relation with the nozzle 12, a gap 24 being
establ i shed 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 spacedgelation fromthe nozzle by one or
nore support |legs 26. 10 Preferably, deflector surface 22 conprises a flat
surface portion 28 substantially aligned with the nozzle outlet 16, and an
angl ed surface portion 30 contiguous with and surrounding the flat portion.
Flat portion 28 is substantially perpendicular to the gas flow fromnozzle
12, and has a ni nf Fehf 8RR te?eBXeCEBBUFuG ic?n%%egomaFgé?Stﬁaﬁl?ﬁe di anmet er

of the outlefyrdfece ?@r@ﬂgﬁeg8p955595n§9ai§ Oéi?ﬁa@g @ic@ sweep back angle
32 fromthe flat portion. The sweep back angle y range between about 15

and about 4SHQHUlea¢@hgetmlﬁh é¢he snzengiegapuﬁﬂacdepernunesBDhe di spersion
pattern of tgg f|0m1£ on1% e enitter, ngle ?ﬁ Lace £2 may ve ot her
shapes, such®CRAE {RRUEuived @ g]Pu5888 A"gh Qﬁ gar l@nand curved
edge 36 showhoihikhgog eid. s@5sshawal Dy FheLpesdidudnd 6o the dstl ect or
surface 22 naY al so include a
ow from nozzle 12, and has a minimum diameter of

about 0.1 inches larger than the diameter of the outlet

16. The angled portion 30 1s 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 22 may 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 1606.

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



cl osed 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
di aneter and depth of the resonance cavity may be approximately equal to
the dianeter of outlet 16. Wth reference again to Figure 2, an annul ar
chanber 46 surrounds nozzle 12. Chanber 46 is in fluid conmunication with a
pressurized liquid supply 48 that provildes a liquid to the chanber at.a
predeterm ned pressure and flowrate. A plurality of ducts 50 extend from
t he chanber 46. Each duct has an exit orifice 52 positioned adjacent to
nozzl e outl etribicahehex¢taldianefecesthaveun di aAebeinoheabout 0.0625

i nches. Preéer ed dia%ances betmegn t he_nozzl e the exit

| 1 d
orifices 52 range bet webh-aboat o° %%e?nE%%snoF6?§L8§%lﬁ.1%@ PRChes as

neasured al ofge ackadivisifines bpombhe deR0f LHEuROZZhEsOoULkgEstO the
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t he gas flogﬁﬁﬁo%g h%ggéeéguFF%eﬁg%gggsa%%%§£tﬁ%tg?%@§ggﬁﬁ?8uﬁﬁgethe nozzl e
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Emtter 10, when configured for_use in a fire suppression system is

desi gned to %b@@a§%pgf§%559n, 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, 1is 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 is 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

enmitter.

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.



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 chanber 46. The preferred gas is nitrogen. Operation of the emtter
10 is described with reference to Figure 7 which is a drawi ng based upon
Schli eren photographi c anal ysis of an operating emtter. Gas 45 exits the
nozzl e outlet 16 at about Mach 1.5 and2 npinges on the deflector surface
22. Sinultaneously, water 47 is discharged fromexit orifices 52. 12
Interaction between the gas 45 and the deflector surface 22 establishes a
first shock frontIbdebetween béh@e@mzzh@ qutl b dedandHet Herdetkeet or surface
22. A shock front is a region of flowtransition from supersonic to

subsoni c veI%%?@@cev%ﬁe@sﬁﬁb%k???ﬁg thersersrpebst5onfoed REE“ERRer the
region of thendifsi,1shoekiE£0DE 544 €hée&899e598ﬁe PF?QEe5§2forﬂs pr oxi mat e
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emtter. Theoshplkes 52 does not enter the region of the first
shock front 54.

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) is higher than the gas exit
pressure at the nozzle. This produces oblique shock
waves which reflect from the free jet boundary 49
marking the limit between the liguid-gas stream 60 and
the ambient atmosphere. The oblique shock waves are
reflected toward one another to create the shock

diamonds.

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

from the deflector surface, although the emitter is



di anonds 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 fl ow describes a flow regine wherein the external
pressure (i.e., the anbient atnospheric pressure ,in this case) is higher
than the gas exit pressure at the nozzle. This produces oblique shock

waves which reflect fromthe free jet Boundary 49 marking the limt between
the liquid-gas stream 60 and the anbient atnosphere. The oblique shock
waves are reflected toward one another to create the shock dianonds.

Significant shepnr épreesiaeeipreodpsedtinnt becukkqusdsgasnshiedput0, which
i deal Iy does not separate fromthe deflector surface, although the emtter
is 13 still BFFeEtivechargepaf aPMorNBceti5168Sshdwhsaenéoalnewapeaih

di schar ged fE?gL%t 5gé#fh§e§t5§ﬂés ?BEB&'Qﬁgc%‘k?onEhgggﬁﬁrh?B 45pat the

second shock ormn I qui d-gas stream where the Shear
forces develbp@mid{@&$e$nraam thewpetraatyenenbani Sortes dtomilzatdon. The
wat er al so encounters the shock di anobnds 58, which are, a secondary source

of water atoni%attBrArThhlS PheMehyt FerNabl sPef af ed LRI AP pl &1°

nmechani sns O%a@éPnéﬁéé'@Hc&@hQ@r@rQﬁécghM@k3819ﬁ6ﬁbg|%% GZikasarthan 20 pm
in diameter, the majority of the particles being neasured at |ess than 5
pm a secondary source of water atomization.

Thus, the emitter 10 operates with multiple
mechanisms of atomization which produce water particles
62 less than 20 um in diameter, the majority of the
particles being measured at less than 5 um.
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 is 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
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

surface.

During emitter operation it is further observed
that the smoke layer that accumulates at the ceiling of
a room during a fire 1s drawn into the gas stream 45

exiting the nozzle and is entrained in the flow 60.



Furthernore, the particles maintain significant downward nmonentum all ow ng
the liquid-gas stream 60 to overcone the rising plunme of conbustion 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 provides significant
control over the included angle 64 of the |iquid-gas stream 60. Included
angl es of about 120 are achievable. Additional control over the dispersion
pattern of the flowis acconplished by adjusting the gap 24 between the
nozzl e outl erhié addsthe datl maftodplsumbadee. obuekagneniitsharnaperation it is
further observed that the snoke |ayer that accunulates at the ceiling of a
room during & ?F?%t?ElHFéﬁmOFnFBGtﬁ@l§5§rs?FeQﬁF§51b§§|P?ﬁ@wthe nozzl e and
is entrained in the flow 60. 14 This adds to the nultiple nodes of

extingui shment characteristic of the emtter as described bel ow. The
emtter causes a Teapemattee deropedue tempheatatentzabi oneoftot héewat er into

the extrenely _ small . partic SIZ d i bed ab ) h the fi f
hoat Cand el BETEER PR’ &pr BA8" BFCEOMBOCE! DS SREYSHPLYOSER s, 11 ow and the

water entrai @ggtwléhgl%@wcleé@phge@ 5Bevexygen:kn rbhe reemewirkhogases t hat

cannot support conbustion. Further oxygen depleted gases in
heat and helps mitigate spread of combustion. The
nitrogen gas flow and the water entrained in the flow
replace the oxygen 1n the room with gases that cannot
support combustion. Further oxygen depleted gases in
the form of the smoke layer that 1is 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
nolse (the sound generated by alir moving over an

object) 1s the only acoustic output from the emitter.



the formof the snoke |ayer 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 bel ow
about 16% The water particles and the entrained snoke create a fog that

bl ocks radi ative heat transfer fromthe fire, thus mtigating spread of
conbustion by this node of heat transfigy. Because of the extraordinary

| arge surface area resulting fromthe extrenely small water particle size,
the water readily absorbs energy and forns steam which further displaces
oxygen, absoribs dreattér ben e foieeandshebpsigaifitaantafrstiabheyt enperature
typically associated wt se transition. The m xjng and the turbul ence

h a ph
created by ??%P%%?T?%rhb$gﬁgh5 PR FBRRF PhEREempRatht GPE PRSEAEINFegi on

around the fff@quéﬁh@yemwguimaaahikgpégsg@af@gow%é L0pEBat ahly does not
produce significant acoustic energy. Jet noise (the sound generated by air

nmovi ng over @&wes obpectynisibheeonignatbosnityotuopuetéroathezenittner. 15 The
emtter's jet noise has no significant frequency conponents higher than
about 6 kHz (half the operating frequency of well known types of resonance

tubes) and does mettONtE+OPt eh&i gNbfii easkl ¥hé Oemat eerat enkzabien.
Furthernore, the flowfromthe emtter is stable and does not separate from
the defl ect dn@uiP@atenporseparate from the deflector surface (or

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.



experiences del ayed separation as shown at 60a) unlike the flow from
resonance tubes, which is unstable and separates fromthe defl ector
surface, thus leading to inefficient atom zation or even | oss of

atom zation. Fire suppression systens according to the invention using
emtters as described herein achieve nultiple fire extinguishnment nodes
which are well suited to control the spgead of fire while using | ess .gas
and water than known systenms. 16 CLAIMS What is clainmed is: 1. Afire
suppressi on system conprising: a source of pressurized gas; a source of
pressurized liquid; at |east one em tGIAIMSr atom zing and discharging said
liquid entrained in said gas on a fire; a gas conduit providing fluid
comuni cati on between said pressurized gas source and said emtter; a

pi pi ng net wowkapr o¥i di agmELuk d ;communi cati on between said pressurized liquid
.source and said emtter; a first valve in said gas conduit controlling
pressure and flow rate of said gas to said emtter; a second valve in said

piping network control ki ng BrEsoULs; BRd(Lowr ate of ;5ai,d Iiquid to

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 conduilt providing fluid communication
between said pressuriied gas source and said emitter;

a piping network providing fluid
communication between said pressurized liquid source
and sald 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;

, @ 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
salid fire detection device and opening said valves in
response to a signal indicative of a fire from said

fire detection device, said control system actuating



said emtter; , a pressure transducer neasuring pressure wthin said gas
conduit; a fire detection device positioned proximate to said emtter; and
a control systemin comunication with said first and second val ves, said
pressure transducer and said fire detection device, said control system
receiving signals fromsaid pressure transducer and said fire detection
devi ce and opening said valves in respppse to a signal indicative of a fire
fromsaid fire detection device, said control systemactuating 17 said
first valve so as to maintain a predeternmined pressure within said gas
conduit for epesatieptofas@kdsoelkt ter maZ2ntAisyst phedcei@iingto Caiml,
further conprising: a_glurality of conpressed gas tanks conprising said
source of prB&8BFRZedV§aEinaRdld HREhCPREYSGr éormAPEsld iprovitdisrd df | ui d
comuni cati opg, betyeen said conpressed gas tanks and said first valve. 3. A
system according to Claim1l1, wherein said emtter conprises: a nozzle
having an inlet connectable in fluid communication with said first valve
and an outlet; . ,
2. A system according to Claim 1, 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.

3. A system according to Claim 1, wherein said
emitter comprises:

a nozzle having an inlet connectable in fluid
communication with said first valve and an outlet;

a duct connectable in fluid communication
with said second valve, said duct having an exit
orifice positioned adjacent to said outlet:; and

a deflector surface positioned facing said
outlet ins spaced relation thereto, said deflector
surface having a first surface portion oriented
substantially perpendicularly to said nozzle and a
second surface portion oriented non-perpendicularly to
said nozzle, sald liquid being dischargeable from said
orifice, and said gas being dischargeable from said
nozzle outlet, said liquid being entrained with said
gas and atomized forming a liquid-gas stream that
impinges on said deflector surface and flows away

therefrom onto said fire.



a duct connectable in fluid comunication wth said second val ve, said duct
having an exit orifice positioned adjacent to said outlet; and a defl ector
surface positioned facing said outlet in, spaced relation thereto, said
defl ector surface having a first surface portion oriented substantially
perpendicularly to said nozzle and a second surface portion oriented
non- perpendi cularly to said nozzle, saisd |iquid being dischargeable from
said orifice, and said gas being dischargeable fromsaid nozzle outlet,
said liquid being entrained with said gas and atom zed form ng a |iquid-gas
stream that inpihgesh odvysén defdeding surfheemahd Fhewsiawaygidt her ef rom
onto said f|£532f8 A. A gystenlaccordln? to Caim1l, wherein said nozzle is
%g to Claim1, wherein said outlet

a convergent nozzl €. s5a CA%?%%%?#%C%%?%I

has a di aneter between about 1/8 and about 1 inch. 6. A systemaccording to
Claim1, wherein said orifice has a dianeter between about 1/32 and about
1/8 inch. 7. A systein2Terdi dgceed ai be 1ICLawer ki nwardindesidct or surface

L Spaced MM@RsAl houtd &y Mefer dholnce DELYEST, g0oNY Thd0-apd about 374

of an inch. 8. A system accordin wher ei n Ssa
inch.

6. A system according to Claim 1, wherein said
orifice has a diameter between about 1/32 and about 1/8

inch.

7. A system according to Claim 1, wherein said
deflector surface 1is spaced from said outlet by a

distance between about 1/10 and about 3/4 of an inch.

8. A system according to Claim 1, wherein said
first surface portion comprises a flat surface and said
second surface portion comprises an angled surface

surrounding said flat surface.

9. A system according to Claim 6, wherein said
flat surface has a diameter about 1/10 inch greater

than the diameter of said outlet.

10. A system according to Claim 6, wherein said
angled surface has a sweep back angle between about 15°

and about 45° measured from said flat surface.

11. A system according to Claim 1, wherein said

first surface portion comprises a flat surface and said



first surface portion conprises a flat surface and said second surface
portion conprises an angled surface surrounding said flat surface. 9. A
system according to Claim6, wherein said flat surface has a di aneter about
1/10 inch greater than the diameter of said outlet. 10. A system accordi ng
to Caim6, wherein said angled surface has a sweep back angl e between
about 15 and about 45 nmeasured from sagigd flat surface. 11. A system
according to Claim1l, wherein said first surface portion conprises a flat
surface and said 19 second surface portion conprises a curved surface
surroundi ng satchd | air Sacé asert1@n Aosysiessagcondirag tar€haem 1, wherein
said deflector surface includes a closed end resonance cavity having an
open end posTifonedindfeRiAgiteFafibhaChith said outlet. 13. A system
according to Claim12, wherein said first surface portion surrounds said
resonance cavity. 14. A systemaccording to Caim 13, wherein said second
surface portion slUZrouhdsysted &ccstdsugfaceClpont LpnwhébeiA systiem
according to C%gin11, mheéein saig exit orifice ia sgaced fromsaid outl et
by a di st anc®® bet Wekn® AbbUte 11841 4ATS 17 8567 SanH FAChIS38M2ACEy st em accor di ng
to daiml, whereymsaify an open end positioned in facing relation

with said outlet.

13. A system according to Claim 12, wherein said

first surface portion surrounds saild resonance cavity.

14. A system according to Claim 13, wherein said
second surface portion surrounds said first surface

portion.

15. A system according to Claim 1, wherein said
exit orifice is spaced from said outlet by a distance

between about 1/64 and 1/8 of an inch.

16. A system according to Claim 1, wherein said
nozzle is: adapted to operate over a gas pressure range

between about 29 psia and about 45 psia.

17. A system according to Claim 1, wherein said
duct is adapted to operate over a liquid pressure range

between about 1 psig and about 50 psig.

18. A system according to Claim 1, wherein said
deflector surface is positioned so that a first shock
front is formed between said outlet and said deflector

surface, and a second shock front is formed proximate



nozzl e i s'adapted to operate over a gas pressure range between about 29
psia and about 45 psia. 17. A systemaccording to Caim1, wherein said

duct is adapted to operate over a |liquid pressure range between about 1
psig and about 50 psig. 18. A systemaccording to Claim1l, wherein said

defl ector surface is positioned so that a first shock front is forned

bet ween said outlet and said deflector 2gurface, and a second shock front is
formed proximate 20 to said deflector surface for a predeterm ned pressure
of said gas and said liquid supplied to said emtter. 19. A system according
to Clain118,tmheaéﬁndséldctdefBecfecesﬁofaeepksdeSEmﬁnnddp&@s@h&b shock

di anonds for aid i d- 9gs stre m 20 stem ccordlng to Caim
18, wherein gg]ﬁal r???c% ara goéﬁng eﬁuPBFénggPysﬁé s&Mdto6tet so as

to cause said liquid to be entrained with said gas at said second shock
front. 21. A systemaccording to Claim18, conprising sizing said nozzle so
as to create an ob%rexbaﬁﬁé@e@agccprd@npetof€éﬁi@aﬂ§,n@hzweih06aad

predet erm ne ress 22, A system ccor in Claiom21, further
conpri sing s?%?§§CE§Fd§n§§§ 8 33 Pﬁa¥§%8P f PBw 8? 398§t8§ A8 SPgni fi cant
noi se other tham gassied n@qsed aas At s¥siem accor ding to daim18, further

20. A system according to Claim 18, wherein said
orifices are positioned relatively to said outlet so as
to cause said liquid to be entrained with said gas at

sald second shock front.

21. A system according to Claim 18, comprising
sizing said nozzle so as to create an overexpanded gas
flow jet from said nozzle for a predetermined gas

pressure.

22. A system according to Claim 21, further
comprising sizing said nozzle so that said flow jet
creates no significant noise other than gas jet noise.

23. A system according to Claim 18, further
comprising adjusting an included angle of a flow
pattern from said emitter by adjusting an orientation

of said angled portion of said deflector surface.

24. A method of operating a fire suppression
system, said system having an emitter comprising:
a nozzle having an inlet connected in fluid
communication with a pressurized gas source and an

outlet;



conprising adjusting an included angle of a flow pattern fromsaid emtter
by adjusting an orientation of said angled portion of said deflector
surface. 24. A nethod of operating a fire suppression system said system
having an emitter conprising: a nozzle having an inlet connected in fluid
comuni cation with a pressurized gas source and an outlet; 21 a duct
connected in fluid communication with o pressurized |iquid source, said
duct having an exit orifice positioned adjacent to said outlet; a deflector
surface positioned facing said outlet in spaced relation thereto; said

met hod conprising: di sghangt ngosatdtbiquhdrinom sanfluphiichicéen diigghargi ng
said gas fromsaid outlet; creating an overexpanded gas flowjet fromsaid
nozzl e; est abl PEHFFgr 8Z¢drs5tdghackORFent Beidednctshpdipgt Pet edad sai d

gercctor suskaes. SaLablioiia0.g, seegp shack,bphppront il Lo sl
fluid stream from sai daesieflecto25suAfaethpdsaccondiungatangl aaiu24,
conprising outlet in spaced relation thereto;
sald method comprising:
discharging said liquid from said
orifice;
discharging said gas from said outlet;
creating an overexpanded gas flow jet
from said nozzle; _
establishing a first shock front between
said outlet and said deflector surface;
establishing a second shock front
proximate to said deflector surface; and

establishing a plurality of shock

diamonds in a fluid stream from said emitter.

25. A method according to Claim 24, comprising
supplying gas to said inlet at a pressure between about

29 psia and about 45 psia.

26. A method according to Claim 24, comprising
supplying liquid to said duct at a pressure between

about 1 psig and about 50 psig.

27. A method according to Claim 24, further
comprising entraining said liquid with said gas
proximate to said second shock front thereby forming

said fluid stream.



supplying gas to said inlet at a pressure between about 29 psia and about
45 psia. 26. A nethod according to Claim24, conprising supplying liquid to
said duct at a pressure between about 1 psig and about 50 psig. 27. A
met hod according to Caim24, further conprising entraining said liquid
with said gas proximate to said second shock front thereby formng said
fluid stream 22 28. A nethod according2to Caim27, wherein said fluid
stream does not separate fromsaid deflector surface. 29. A nethod
according to Claim24, conprising creating no significant noise fromsaid
emtter other thHah gas nethodi secoddind methbaimczdy dvngrébnChaim 29, where
said gas jgtt noj se has frequency conponents no greater than about 6 kHz.
31. A netho ]é&ﬁi)r%ﬁ?%ar?od@%i?ﬁms,e? FHertrEBnp?tSi AL 48REPAL I ng noment um
in said gas {lomdet, and drawing anbient gas into said gas flow jet and
entraining said anbient gas into said fluid streamof said emtter. 32. A
nmet hod according to Caim24, further conprising establishing flow pattern
from said em tter,, havi ng, & g5 et srai ned:  nef yded, anal g, By; proyi ding an
creating no significant noise from said emitter other

than gas jet noise.

30. A method according to Claim 29, where said
gas jet noise has frequency components no greater than

about 6 kHz.

31. A method according to Claim 24, further
comprising generating momentum in said gas flow jet,
and drawing ambient gas into said gas flow jet and
entraining said ambient gas into said fluid stream of

sald emitter.

32. A method according to Claim 24, further
comprising establishing flow pattern from said emitter
having a predetermined included angle by providing an

angled portion of said deflector surface.

33. A method according to Claim 24, comprising
drawing liquid into said gas flow jet using a pressure
differential between the pressure in said gas flow jet

and the ambient.

34. A method according to Claim 24, comprising

entraining said liquid into said gas flow jet and



angl ed portion of said deflector surface. 33. A nethod according to Caim
24, conprising drawing liquid into said gas flow jet using a pressure
differential between the pressure in said gas flow jet and the anbient. 34.
A nmet hod according to Caim24, conprising entraining said liquid into said
gas flow jet and 23 atomizing said liquid into drops |l ess than 20 pmin
dianeter. 35. A nethod according to C]a%§134, conprising entraining said
liquid proximate to said second shock ront. 36. A nmethod according to
Claim 24, conprising drawi ng an oxygen depl eted snoke | ayer into said gas
fl 9¥th et andaeBkfiaiAgngasal digmke ihavel rWpkh 188isd ¢ fdnuixh s 6am of said
emtter.

diameter.

35. A method according to Claim 34, comprising
entraining said liquid proximate toc said second shock

front.

36. A method according to Claim 24, comprising
drawing an oxygen depleted smoke layer into said gas
flow jet and entraining said smoke layer with said

fluid stream of said emitter.



