1 HHGH VELOCI TY LOW PRESSURE EM TTER Cross Reference to Rel ated Application
This application is based on and clains priority 5 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
10 This invention concerns 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. 15 Background of the Invention Devices
such as resonance tubes are used to atom ze |iquids for various purposes.
The liquids may be fuel, for exanple, injected into a jet engine or rocket
notor or water, sprayed froma sprinkler head in 20 a fire suppression
system Resonance tubes use acoustic energy, generated by an oscillatory
pressure wave interaction between a gas jet and a cavity, to 2 atom ze
liquid that is injected into the region near the resonance tube where the
acoustic energy is present. 5 Resonance tubes of known design and
operational node generally do not have the fluid flow
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Field of the Invention

10 This invention concerns devices for emitting
atomized liquid, the device injecting the liguid into a
gas flow stream where the liquid is atomized and

projected away from the device.

15 Background of the Invention

Devices such as resonance tubes are used to
atomize ligquids for various purposes. The liquids may
be fuel, for example, injected into a jet engine or
rocket motor or water, sprayed from a sprinkler head in

20 a fire suppression system. Resonance tubes use
acoustic energy, generated by an oscillatory pressure

wave interaction between a gas Jjet and a cavity, to



characteristics required to be effective in fire protection applications.
The volune of flow fromthe resonance tube tends to be inadequate, and the
wat er 10 particles generated by the atom zation process have relatively |ow
velocities. As a result, these water particles are decel erated
significantly within about 8 to 16 inches of the sprinkler head and cannot
overcone the plune of rising conbustion gas generated by a fire. 15 Thus,
the water particles cannot get to the fire source for effective fire
suppression. Furthernore, the water pafticle size generated by the

atom zation is ineffective at reducing the oxygen content to suppress a
fire if the anbient tenperature is below 55C, 20 Additionally, known
resonance tubeRM}efurt8Utel BRpVely 1NargeegasnVvel Ghesr8eiPPePr8drat high

pressure. Thig, péggHgﬁéeue%@?megés ﬁgowc%gebfg%s&age%ssi gni fi cant

acoustic energy and separates fromdeflector surtaces cross which it
travel s, | eadragetnv.inefficient 25 atom zation of the water. There is
clearly a need for an atomzing emtter that operates nore efficiently

t han known resonance tubes in that the emtter uses snaller volunes of gas

at |ower fressuregetOnRhO8UegpesUbEi cheRh MeLkupR ghqatpri-zedowater particles
having a 30 smaller size distribution while maintaining significant

moment um uponodé sgdraegelsy dhanothbawat ehepéttiidl ésonay 3

characteristics required to be effective in fire
protection applications. The volume of flow from the
resonance tube tends to be inadequate, and the water

10 particles generated by the atomization process have
relatively low velocities. As a result, these water
particles are deceleréted significantly within about 8
to 16 inches of the sprinkler head and cannot overcome
the plume of rising combustion gas generated by a fire.

15 Thus, the water particles cannot get to the fire source
for effective fire suppression. Furthermore, the water
particle size generated by the atomization 1is
ineffective at reducing the oxygen content to suppress
a fire if the ambient temperature is below 55°C.

20 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

25 atomization of the water. There is clearly a need for
an atomizing emitter that operates more efficiently
than known resonance tubes in that the emitter uses
smaller volumes of gas at lower pressures to produce
sufficient volume of atomized water particles having a

30 smaller size distribution while maintaining significant

momentum upon discharge so that the water particles may



overcone the fire snoke plune and be nore effective at fire suppression. 4
Brief Description of the Drawings Figure 1 is a |ongitudinal sectional view
of a high velocity | ow pressure emtter according to the invention; 5
Figure 2 is a |longitudinal sectional view showi ng a conponent of the
emtter depicted in Figure 1; Figure 3 is a longitudinal sectional view
showing 10 a conponent of the emitter depicted in Figure 1; Figure 4 is a
| ongi tudi nal sectional view showing a €onponent of the emitter depicted in
Figure 1; i5 Figure 5 is a longitudinal sectional view showing a conponent

of the emtter depicted in Figure 1; Figure 6 is a diagramdepicting fluid
flow from tPEEEMEE etiDabble upBnka BERTF PR PROTBGFaphIBFTLNE 250 enmitter

shown in Figpre Loin,opegathon; and Figure 7 is a diagram depicting
predicted fluid flow for another enbodi nent of the emtter. 25 Detailed
Description of the Preferred Enbodi nents Figure 1 shows a | ongitudina
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



30 range in dianeter between about 0.125 inches to about 1 inch for many
applications. Inlet 14 is in fluid 5 comunication wwth a pressurized gas
supply 18 that provides gas to the nozzle at a predeterm ned pressure and
flowrate. It is advantageous that the nozzle 12 have a curved convergent

i nner surface 20, although 5 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 béing 10 established between the-

defl ector 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 rel atB%eer%?ﬁ#pﬁh99l@fhghﬁnarﬁwlngﬁre support | egs 26. 15
Preferably, defle uyface, 2 ion 28
substantial ly allg%gﬁ an%hgghe gOﬁgﬂFg&gﬁg}e?é%gio ggggngﬁeé surface
portion 30 MD@mlg@b@GLMythoanﬁrsusunandmngtéheattatdpﬁgtkenthElat 20
portion 28 is substantially perpendicular to the gas flow fromnozzle 12,
and has a mihf tPafreter approximately equal to the dianeter 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
Figure 2 1s a longitudinal sectional view showing

a component of the emitter depicted in Figure 1;

Figure 3 is a longitudinal sectional view showing

10 a component of the emitter depicted in Figure 1;

Figure 4 is a longitudinal sectional view showing

a component of the emitter depicted in Figure 1;

15 Figure 5 is a longitudinal sectional view showing

a component of the emitter depicted in Figure 1;
Figure 6 1s a diagram depicting fluid flow from
the emitter based upon a Schlieren photograph of the

20 emitter shown in Figure 1 in operation; and

Figure 7 1is a diagram depicting predicted fluid

flow for another embodiment of the emitter.

25 Detailed Description of the Preferred Embodiments

Figure 1 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

30 range in diameter between about 0.125 inches to about 1

inch for many applications. 1Inlet 14 is in fluid



25 range between about 15 and about 45 and, along with the size of gap 24,
determ nes the dispersion pattern of the flowfromthe emtter. Deflector
surface 22 may have ot her shapes, such 30 as the curved upper edge 34 shown
in Figure 2 and the curved edge 36 shown in Figure 3. As shown in Figures 6
4 and 5, the deflector surface 22 may al so include a closed end resonance
tube 38 surrounded by a flat portion 46 and a swept back, angled portion 42
(Figure 4) or a curved portion 44 (Figure 5). The diameter and 5 depth of
the resonance cavity nay be approximtely equal to the dianeter of outlet
16. Wth referenceiagaiont 9iEhgar eréssaniandubas schaiiyerl 846 hsur r ounds

nozzl e 12. Chanber, 46 is [n uid 10.co ni catioon with ressurized liquid
Conaly 48 thBECOSia0 dns hO| hii AoEg Ena eRaRReroRe Tk BrauBreaatre

pressure andsfilom sat eatd. pl wrakist ¥aohndugtsus0caxtende homihe chamber 46.
Each duct has an exit orifice 52 positioned adjacent to nozzle outlet 16.

The exit 15 baVei eesuhued aodivameesfr ohngboatr206250i neRedougbr ef erred
bet vieon abouPBb15 T ReRes  SEG ABobt 07035 FAORES. a8 “RERSHrod B ong & radi us
line fromthesedgeasibtbe nozzle outlet to the closest edge 20 of the exit
orifice. Liquid, for exanple, water for
A deflector surface 22 is positioned in spaced
apart relation with the nozzle 12, a gap 24 being
10 established between the deflector surface and the
nozzle ocutlet. 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.
15
Preferably, deflector surface 22 comprises a flat
surface portion 28 substantially aligned with the
nozzle outlet 16, and an angled surface portion 30
contiguous with and surrounding the flat portion. Flat
20 portion 28 1is substantially perpendicular to the gas
flow from nozzle 12, and has a minimum diameter
approximately equal to the diameter of the outlet 16.
The angled portion 30 is oriented at a sweep back angle
32 from the flat portion. The sweep back angle may
25 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
30 as the curved upper edge 34 shown in Figure 2 and the

curved edge 36 shown in Figure 3. As shown in Figures



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 fromthe pressurized gas supply that flows through 25 the
nozzle 12 and exits through the nozzle outlet 16 as described in detai
below. Emtter 10, when configured for use in a fire suppression system is
designed to operate with a 30 preferred gas pressure between about 29 psia
to about 60 psia at the nozzle inlet 14 and a preferred water 7 pressure
bet ween about 1 psig and about 50 psig in chanber 46. Feasi bl e gases

i nclude nitrogen, other inert gases, mxtures of inert gases as well as

m xtures of fneR€ andtRRefifédPFycactivéagasés Barhaaso 3ngilrndeOger ati on of

the emtter Ls.d ri i eren L,qure 6 i,ch is a draw ng
based upon égﬁ%ggrgﬁspkgggaggggiEﬁ§%a gsggr%gugﬁg§p§¥aﬁrﬁéafo emtter. Gas
45 exits thepoozzbe o0thetl d6satpabbutkMaahglidSpandionpidngesigurihe

defl ector surface 22. Sinultaneously, water 47 is discharged fromexit 15

orifices 52. %1 nPeractiblicBePREEACPNE gaS 458 8nd) t he THEF PéeFG e Tsarface 22
establ i shes éeﬁtﬁséfsbggkrgggﬂgnéé ggbﬁ@?”may be approximately

equal to the diameter of outlet 16.

With reference again to Figure 1, an annular
chamber 46 surrounds nozzle 12. Chamber 46 is in fluid
10 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
15 orifices have a diameter of about 0.0625 inches.
Preferred distances between the nozzle outlet 16 and
the exit orifices 52 range between about 0.015 inches
to about 0.125 inches as measured along a radius line
from the edge of the nozzle ocutlet to the closest edge
20 of the exit orifice. 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 corifice 52 where it is atomized by the gas
flow from the pressurized gas supply that flows through
25 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
30 preferred gas pressure between about 29 psia to about

60 psia at the nozzle inlet 14 and a preferred water



the nozzle outlet 16 and the deflector surface 22. A 20 shock front is a
region of flow transition from supersonic to subsonic velocity. Water 47
exiting the orifices 52 does not enter the region of the first shock front
54. 25 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. Water 47 discharged fromthe orifices 52 is entrained wth the
gas jet 45 proxinate to the second shock front 30 56 formng a |iquid-gas
stream 60. One nethod of entrainment is to use the pressure differential

between 8 the pressure in the gas flow et _and the_amhient.  Shock di anonds
58 formin aP?gﬁ?%ﬁea %hﬁe?ﬂeagﬂBFeg pB%?tPBH §éothngﬁ8&@ &Pannndslbeing

confined W thhampbéhesbi qurdagap1 st EE3AL6OncMIHENNRERLEELS Quhwardly and 5
downwardly fromthe emtter. The shock dianonds are also transition regions

bet ween supetnN@hd $aBsdni BiktvResvefoéneytandsapeasheedésalst of the gas flow
el N oy ST GHDRAIED. B8e T Lo EXL! Sl DRTELE,  CuLEYRagIed Lo, dgscr| bes a
flow regi me wherern the external pressure 9 ¢rre); 8- &nbrent at nospheric
pressure s n &hts case) is higher than the gas exit pressure at the nozzle.
Thi s produces oblique shock waves which reflect from the free jet boundary
49 marking the limt between the

Operation of the emitter 10 is described with
reference to Figure 6 which is a drawing based upon
Schlieren photographic analysis of an operating

10 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

15 orifices 52.

Interaction between the gas 45 and the deflector
surface 22 establishes a first shock front 54 between
the nozzle outlet 16 and the deflector surface 22. A
20 shock front is a region of flow transition from
supersonic to subsonic velocity. Water 47 exiting the
orifices 52 does not enter the region of the first

shock front 54.

25 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.
Water 47 discharged from the orifices 52 is entrained
with the gas jet 45 proximate to the second shock front

30 56 forming a liquid-gas stream 60. One method of

entrainment is to use the pressure differential between



| i qui d-gas stream 60 and the anbi ent atnosphere. The 15 obli que shock waves
are reflected toward one another to create the shock dianonds. Significant
shear forces are produced in the |iquid-gas stream 60, which ideally does
not separate 20 fromthe defl ector surface, although the emtter is stil
effective if separation occurs as shown at 60a. The water entrai ned

proxi mate to the second shock front 56 is subjected to these shear forces
which are the primary nmechanismfor at8nization. The water al so 25
encounters the shock di anonds 58, which are a secondary source of water

atom zation. Thus, the emtter 10 opgrates with nultiple, mechanisnms of
at omi zati on WhE AT pFDEECel latBf Bart FLPEsISD 82d| £B8 eRRASEG -pmin dianeter,

the majorityspebckhgiaparlischesehehngneasugednatibasschpanngpm The 9
smal | er droplets are buoyant in air. This “characteristic al'lows themto

mai ntai n proxd¢piignt 0t hehef sheckodiewofide geeagerohifieeduppréssi on ef fect.
Furthernore, the, particles intaip.significant.5 downward ment ym

al | owi ng thetT?qﬁf gb%sgg?rg§ﬁ$%ﬁ 58’ g@é? ohe°¢ fig Fi8$%6a553¥ea85

conbusti on gaseswaesult Epgm themeaittee. MpRsUrRBERt §ishewdkhearki qui d- gas
stream having a velocity of 1,200 ft/mn 18 inches fromthe emtter, and a
velocity of FOOOfEFanlBlPReregiBRFt RBLWEENn 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
10 (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
liquid-gas stream 60 and the ambient atmosphere. The
15 obligque shock waves are reflected toward one another to

create the shock diamonds.

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

source of water atomization.

Thus, the emitter 10 operates with multiple
mechanisms of atomization which produce water particles
30 62 less than 20 pm in diameter, the majority of the

particles being measured at less than 5 pm. The



10 emtter.

the included angle 64 of the 15 |iquid-gas stream 60.

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

I ncl uded angl es of

about 120 are achievable. Additional control over the dispersion pattern

of the flowis acconplished by adjusting the gap 24 between the nozzle

outlet 16 and the deflector surface. 20 During emtter operation it

further observed

is

that the snoke | ayer that accunul ates at the ceiling of

roomduring a fire is dr into the gas stream45__exiting the nozzle and
i's entraingds?%iiﬁé %F%ﬂfé@? igeThﬁgygagslPoafﬁe miPtpl e gndes of

extingui shnmeshargbaeacteibshicont themenbt hetnagidepehikbed ¢

eltewrnkhe

emtter causes a tenperature drop due to the atom zation o? t he water
the extremnel §y15aaFPuBOe phpti greaspzedfigesenbbedsabovectThics -robs the fire of

heat and hel ps, il Lgate Spreag.ol;combustigo,  Ihe 19 pitrogen gas flow and

the water entrarnéd in the rep

ce the oxyge

into

i'ATtAE room wi t h gases

a

t hat canrot dsupperd mombustmpnalFuwthgr theygequdepbatedtgaseas sontot he form
of the snoke layer that is entrained in_the

10

15

20

25

30

overcome the rising plume of combustion gases resulting
from a fire. Measurements show the liquid-gas stream
having a velocity of 1,200 ft/min 18 inches from the
emitter, and a velocity of 700 ft/min 8 feet from the
emitter. The flow from the emitter is observed to
impinge on the floor of the room in which it is
operated. The sweep back angle 32 of the angled
portion 30 of the deflector surface 22 provides
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 is drawn into the gas stream 45
exiting the nozzle and is entrained in the flow 60.
This adds to the multiple modes of extinguishment

characteristic of the emitter as described below.

The emitter causes a temperature drop due to the
atomization of the water into the extremely small
particle sizes described above. This robs the fire of

heat and helps mitigate spread of combustion. The



5 flow al so contributes to the oxygen starvation of the fire. It is
observed, however, that the oxygen level in the roomwhere the emtter is
depl oyed does not drop below about 16% The water particles and the
entrained snoke create a fog that bl ocks radiative heat transfer 10 from
the fire, thus mtigating spread of conmbustion by this node of heat
transfer. Because of the extraordinary |arge surface area resulting from
the extrenely small water particle sizZd the water readily absorbs energy
and fornms steam which further displaces 15 oxygen, absorbs heat fromthe

fire and helﬁs maintain a__stable tenperature typically associated with a
phase transitFoRIeHhea i &xiry and +he VﬁFBEI@ﬂEéaéP@QtéB b9e hevenitter

al so hel ps |9@§IaéQetE§”B§§§éHr§n'Bh&h§ooﬁeghgﬂ ggggedtka% thhgor20 The
emtter is unlike resonance tubes in that it S not produce signi ficant

acoustic ene$g@9059tcombu591©nhe Eouhuegenayaeaddbylatedngasng ower an
object) ist tlc Qut pu emtter. . 25 The itter's jet
noi se has noh%?gn?¥T ??eﬁﬂ%%% Ea%%ﬁg%h%ﬁtésh?aﬁﬁﬁlpﬁgnlﬁbgﬂ% 6 kHz (half

the operafi nﬂloxflr@ﬂé‘@”@&n@flwﬁtéskﬂ@‘MﬂhéY@@?g@f’l Eesenaneent ybesheand does
not contribute significantly to water atom zation. 30 Furthernore, the flow
fromthe em i+8%-i sI&thdl @0sandedoesonByesepahat et hporryAENd&EIEEt or surface

(or in the room where the emitter is deployed does not drop

below about 16%. The water particles and the entrained
smocke create a fog that blocks radiative heat transfer
10 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
15 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.
20
The emitter is unlike resonance tubes in that it
does not produce significant acoustic energy. Jet
noise (the sound generated by air moving over an
object) is the only acoustic output from the emitter.
25 The emitter's jet noise has no significant frequency
components higher than about 6 kHz (half the operating
fregquency of well known types of resonance tubes) and

does not contribute significantly to water atomization.

30 Furthermore, the flow from the emitter is stable

and does not separate from the deflector surface (or



11 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. 5 Another emtter enbodinent 11 is shown in Figure 7. Emtter
11 has ducts 50 that are angularly oriented toward the nozzle 12. The ducts
are angularly oriented to direct the water or other liquid 47 toward the
gas 10 45 so as to entrain the liquid i the gas proximate to the first
shock front 54. It is believed that this arrangenent will add yet another

regi on of atoniz§tigg i%ﬁﬁhe greation of the Ihguid-gazoshreagL 0 projected
fromthe eni ttRY 117°%8 BRiE¥EFs 5RROFAIRY €8 FREInIEnPP8R Sperdfed so as
to produce apnheverexpandrdrgasnpebeWttibeByl tthpta sBocksthbomt snand shock

di anonds achieve nultiple stages of atom zation and result in nmultiple
ext i ngui shnehePabUESS 20r BRI Afcappliedtrs EBREROR t RBuSphleadiof ftiore when

used In 3 !ingcoupprgpolonyoystenh CLALYB.MBLST s cLabied isoyl An entter

for atom zing and discharging a urd entrarned in a gas stream said
emtter keing

Another emitter embodiment 11 is shown in Figure
7. Emitter 11 has ducts 50 that are angularly oriented
toward the nozzle 12. The ducts are angularly oriented
to direct the water or other liquid 47 toward the gas
10 45 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 projected
from the emitter 11.
15
Emitters according to the invention operated so as
to produce an overexpanded gas jet with multiple shock
fronts and shock diamonds achieve multiple stages of
atomization and result in multiple extinguishment modes
20 being applied to control the spread of fire when used

in a fire suppression system.



connectable in fluid communication with a pressurized source of said liquid
and a pressurized source of said gas, said emtter conprising: a nozzle
having an inlet connectable in fluid communication with said pressurized
gas source and an outlet; a duct connectable in fluid communication wth
said pressurized liquid source, said duct having an exit orifice positioned
adj acent to said outlet; and a deflector surface positioned facing said
outlet in spaced relation thereto, said deflector surface having a first
surface portion oriented substantially perpendicularly to said nozzle and a
second surface portion positioned adjaagemisto said first surface portion
and oriented non-perpendicularly to said nozzle, said |iquid being

di schargeable from said orifice, and said gas being di schargeable from
said nozzle guilet, éﬁ.gmé&qud being entrained with said gas and atom zed
formng a liquid-gas streamthat inpinges on said deflector surface and
flows away therefrom 2. An emtter according to Claiml, wherein said

nozzle is a convergent nozzle. 13 3. An emtter according to Claim1,
wherein said outfet MaseBlbFareter BEPREEANEDBDE 248CRAGIABEUR 1

liquid entrained in a gas stream, said emitter being
connectable in fluid communication with a pressurized
source of sald liquid and a pressurized source of said
gas, sald emitter comprising:

a nozzle having an inlet connectable in fluid
communication with said pressurized gas source and an
outlet;

a duct connectable in fluid communication
with said pressurized liquid source, said duct having
an exit orifice positioned adjacent to said outlet; and

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

therefrom.

2. An emitter according to Claim 1, wherein said

nozzle is a convergent nozzle.



inch. 4. An emitter according to Caim1l, wherein said orifice has a

di anet er between about 1/32 and about 1/8 inch. 5. An emtter according to
Claim 1, wherein said deflector surface is spaced fromsaid outlet by a

di stance between about 1/10 and about 3/4 of an inch. 6. An emtter
according to Caim1, wherein said first surface portion conprises a flat
surface and said second surface portion conprises an angl ed surface
surrounding said flat surface. 7. An eniiter according to Caim6, wherein
said flat surface has a dianeter approxi mtely equal to the dianeter of
said outlet. 8. An emtter according to Claim6, wherein said angled
surface has a sweép bABKSRA§FErbAEREEAIABOGP §52ilnd abBeredn g@asured from

said flat suphace: Bas/ STLLEEL:A66PLALAGEGH 8/ Lnaulgreinqsaid Tirst

surface portion conprises at sur ace an secon surface portion
conprises a tucked surface surrounding said flat surface. 14 10. An enmitter
according to Claiml, wherein said deflector surface includes a closed end
resonance cavity having an open end positioned in facing relation wth

said outlet. 4. An emitter according to Claim 1, wherein said
orifice has a diameter between about 1/32 and about 1/8

inch.

5. An emitter according to Claim 1, wherein said
deflector surface is spaced from said outlet by a

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

6. An emitter 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.

7. An emitter according to Claim 6, wherein said
flat surface has a diameter approximately equal to the

diameter of said outlet.

8. An emitter according to Claim 6, wherein said
angled surface has a sweep back angle between about 15°

and about 45° measured from said flat surface.

9. An emitter according to Claim 1, wherein said
first surface portion comprises a flat surface and said
second surface portion comprises a curved surface

surrounding said flat surface.



11. An emtter according to Caim10, wherein said first surface portion
surrounds said resonance cavity. 12. An emtter according to Caiml1l1,
wherein said second surface portion surrounds said first surface portion.
13. An emtter according to Caim1, wherein said exit orifice is spaced
fromsaid outlet by a distance between about 1/64 and 1/8 of an inch. 14.
An emtter according to Caiml, wherein said nozzle is adapted to operate
over a gas pressure range between about 29 psia and about 60 psia. 15: An
emtter according to Caiml, wherein said duct is adapted to operate over

a liquid pressure, rang bet ween about ‘1 psij d. about 50 psig. An
enitter for atomz é §%deﬁ?55ﬁ5r§Fﬁar§ln8 8 ggéﬁprirngBeFﬁlB Séédstreanl

sai d emtterd@?lé‘@toﬁ%‘@?ﬁ&@@' enkMubkyi d copvuAi €Akl Qeswahc@ pressuri zed
source of said liquid and a pressurized source of said gas, said emtter

conpri sing: 4&vatnozayentiaghngran £hfleposdhhecedblia facthai deledfmuni cation

wth said pressur eg g source and an outlet; a duct connectable in fluid
%%1 1 . .

comuni cati on Sai pressurlzed | i quid source, said duct having

11. An emitter according to Claim 10, wherein
said first surface portion surrounds said resonance

cavity.

12. An emitter according to Claim 11, wherein
said second surface portion surrounds said first

surface portion.

13. An emitter 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.

14. An emitter according to Claim 1, wherein said
nozzle is adapted to operate over a gas pressure range

between about 29 psia and about 60 psia.

15. An emitter according to Claim 1, wherein said
duct 1s adapted to operate over a liquid pressure range

between about 1 psig and about 50 psig.

16. An emitter for atomizing and discharging a
liquid entrained in a gas stream, said emitter being
connectable in fluid communication with a pressurized
source of said liquid and a pressurized source of said

gas, sald emitter comprising:



an exit orifice positioned adjacent to said outlet; and a deflector surface
positioned facing said outlet in spaced relation thereto, said deflector
surface being positioned so that a first shock front is forned between said
outl et and said deflector surface, and a second shock front is forned
proximate to said deflector surface for a predeterm ned pressure of said
gas supplied to said emtter and di scharged fromsaid nozzle outlet. 17. An
emtter according to Caim1l6, wherein said duct is positioned and oriented
such that said Iliquid discharged fromsaid orifice is entrained with said
gas proxinmate to one o& satdlshbekifipoahsinl8t Annestcttedeadeorfdung to C aim

17, wherein said defgector rface is 03|t|o ed so that shock dianpnds
formin sai PGP HGREORt Phh 5160 RACOARFL PO aBRSr APHGCEo“ChalMh 17

wherein saigyoréfjce is positioned relatlvely to said outlet so as to
cause said liquid to be entrained with said proximate to said second
shock front. 20. An endt@eftacedrdrhgetie ha hﬂl@ cefepaigatdand duct is

cnaul ar| o EONSH1 BVBE SR B0z 8,00, 18, Baet oghaleR BBl g 4 (9 be
accordi ng toafd @it 16ri €OOPrpSEhgioned adjacent to said outlet; and
a deflector surface positioned facing said

outlet in spaced relation thereto, said deflector

surface being positioned so that a first shock front is

formed between said outlet and said deflector surface,

and a second shock front is formed proximate to said

deflector surface for-a predetermined pressure of said

gas supplied to said emitter and discharged from said

nozzle outlet.

17. An emitter according to Claim 16, wherein
said duct is positioned and oriented such that said
liquid discharged from said orifice is entrained with

said gas proximate to one of said shock fronts.

18. An emitter according to Claim 17, wherein
said deflector surface is positioned so that shock

diamonds form in said liquid-gas stream.

19. An emitter according to Claim 17, wherein
said orifice 1s positioned relatively to said outlet so
as to cause said liquid to be entrained with said gas

proximate to said second shock front.

20. An emitter according to Claim 17, wherein

said duct is angularly oriented toward said nozzle so



sizing said nozzle so as to create an overexpanded gas flow jet fromsaid
nozzle for a predetermned gas pressure at said inlet. 22. An emtter
according to Claim16, further conprising sizing said nozzle so that said
flow jet <creates no significant noise other than gas jet noise. 23. An
emtter according to Claim16, wherein said deflector surface conprises a
flat surface portion oriented substantially perpendicularly to said outlet
and an angl ed surface portion surroundHQQ said flat surface portion, said
angl ed surface portion determ ning anincluded angle of a flow patterfnh from
said emtter. 24. A nmethod of operating an emtter, said emtter

comprising: & nogzle,bavingqap; khiet cgoppechablentl Lt ihd s gamuugl cation

with a pressurized gas source and an outlet; a duct "connéctabPe in fluid
comuni cat i oproxindta poessiudi zedsti gnodksbuvoe, said duct having an exit
orifice positioned adjacent to said outlet; a deflector surface positioned
facing said outlet in spaced relation thereto; said nethod conprising: 17

di scharging said iigUiﬁnfé@ﬂi§@Edaccording to Claim 16, comprising
sizing said nozzle so as to create an overexpanded gas
flow jet from said nozzle for a predetermined gas

pressure at said inlet.

22. An emitter according to Claim 16, further
comprising sizing said nozzle so that said flow jet

creates no significant noise other than gas jet noise.

23. An emitter according to Claim 16, wherein
said deflector surface comprises a flat surface portion
oriented substantially perpendicularly to said outlet
and an angled surface portion surrounding said flat
surface portion, said angled surface portion
determining an included angle of a flow pattern from

sald emitter.

24. A method of operating an emitter, said
emitter comprising:

a nozzle having an inlet connectable in fluid
communication with a pressurized gas source and an
outlet;

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

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

said method comprising:



orifice; discharging said gas fromsaid outlet; establishing a first shock
front between said outlet and said deflector surface; establishing a second
shock front proximate to said deflector surface; entraining said liquid in
said gas to forma liquid-gas stream and projecting said |iquid-gas stream
fromsaid emtter. 25. A nmethod according to claim 24, conprising
establishing a plurality of shock dianonds in said |iquid-gas streamfrom
said emtter. 26. A nmethod according tad™ aim 24, conprising creating-an
overexpanded gas flow jet fromsaid nozzle. 27. A nethod according to Caim
24, conprising supplying gas to said inlet at a pressure between about 29
psia and about 60 psia. 28.9ASABERBéNAcEBEEi A§ILEACEAPH 2a1idconpri sing
suppl yi ng Ii&&ﬁﬁhéﬁ;said duct at a pressure between about 1 psig and about
50 psig. 29. A nethod according to Caim24, further conprising entraining
said liquid with said gas ¢@isxhaagényossaddgsecondmshack buankr;18 30. A
nmet hod according to C ai m 24, quther ,
establishing a first shock front between
said outlet and said deflector surface;
establishing a second shock front
proximate to said deflector surface;
entraining said liquid in said gas to
form a ligquid-gas stream; and
projecting said liquid-gas stream from

said emitter.

25. A method according to claim 24, comprising
establishing a plurality of shock diamonds in said

liquid-gas stream from said emitter.

26. A method according to Claim 24, comprising

creating an overexpanded gas flow jet from said nozzle.

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

29 psia and about 60 psia.

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

about 1 psig and about 50 psig.

29. A method according to Claim 24, further
comprising entraining said liquid with said gas

proximate to said second shock front.



conprising entraining said liquid with said gas proximate to said first
shock front. 31. A nethod according to Caim24, wherein said |iquid-gas
stream does not separate fromsaid deflector surface. 32. A nethod
according to Claim24, conprising creating no significant noise fromsaid
emtter other than gas jet noise. 33. A nethod according to Caim 32, where
said gas jet noise has frequency conponents no greater than about 6 kHz.
34. A nethod according to Claim24, furthher conprising generating nonentum
in said gas flow jet. 35. A nethod according to Cl aim 34, wherein said

| i qui d-gas streamhas It f _about  1,200.ft/lmn_ at a distance of
about 18 inches P?Qh]SgiﬁgéﬁggtéFgo§§}%§ %8t§gﬁl§bgg}dﬁH§EP§rCIain135,
wher ei n sai dcohpguktingasnsteeammbasaadvelgeiity wakhakayty @@ ft/nmin at a

di stance of about 8 feet fromsaid emtter. 37. A nethod according to Caim
24, further PESHPF#EFNGCestabl f$APRgSPPE% paPPérn fromsaid enitter having
a predeterm ned included angle by providing an angled portion of said

defl ector surface. 19 38. A nethod according to Caim 24, conprising
drawing liquid i nBd.saRdmgabkofll emcpetiiugi hg Glpiesgdrewherein said

ligquid-gas stream does not separate from said deflector

surface.

32. A method according to Claim 24, comprising
creating no significant noise from said emitter other

than gas jet noise.

33. A method according to Claim 32, where said
gas jet noise has frequency components no greater than

about 6 kHz.

34. A method according to Claim 24, further

comprising generating momentum in said gas flow jet.

35. A method according to Claim 34, wherein said
liquid-gas stream has a velocity of about 1,200 ft/min

at a distance of about 18 inches from said emitter.

36. A method according to Claim 35, wherein said
liquid-gas stream has a velocity of about 700 ft/min at

a distance of about 8 feet from said emitter.

37. 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.



differential between the pressure in said gas flow jet and the anb
A nethod according to Caim24, conprising entraining said liquid
gas flow jet and atom zing said liquid into drops | ess than 20 pm

di anet er.

with said

40. A nethod according to Caim24, conprising drawing a
depl eted snoke layer into said gas

| i qui d-gas streamof said emtter. 41. A nethod accordin

ient. 39.
into said
in

n oxygen

flow jet and entraining said snoke | ayer

gto

Claim 24, conprising discharging an idért gas fromsaid outlet. 42. A
met hod according to Claim24, conprising discharging a m xture of
chemcally active gases fromsaid outlet. 43. A nethod according t
42, wherein said gas mxture conprises air. 44. A nethod of operat

emtter,

said emgteracREPhbSl R0 NREZEE bayingzan EBketiconpect

fluid comunication with a pressurized gas source and an  outlét;

connect abl e dprafing dl cowhdinichei saidwieh alpwesstrigedgl rqunrdssouece, said

duct havi ng an exit orifice osi%%oned adLacent to.aaid og&let:
1 € p re gas

fferentral betweéen ress in sai oW et

and the ambient.

39. A method according to Claim 24, comprising
entraining said liquid into said gas flow jet and
atomizing said ligquid into drops less than 20 upm in

diameter.

40. 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

liquid-gas stream of said emitter.

41. A method according to Claim 24, comprising

discharging an inert gas from said outlet.

42. A method according to Claim 24, comprising
discharging a mixture of inert and chemically active

gases from said outlet.

43. A method according to Claim 42, wherein said

gas mixture comprises air.

44. A method of operating an emitter, said
emitter comprising:
a nozzle having an inlet connectable in fluid
communication with a pressurized gas source and an

outlet;

i nert and
o daim

i ng an
able in
20 a duct



a deflector surface positioned facing said outlet in spaced relation
thereto; said nethod conprising: discharging said liquid fromsaid orifice;
di scharging said gas fromsaid outlet creating an overexpanded gas flow jet
fromsaid nozzle; entraining said liquid in said gas to forma |iquid-gas
stream and projecting said liquid-gas streamfromsaid emtter. 45. A

nmet hod according to Caim44, further conprising: establishing a first
shock front between said outlet and sa#@® defl ector surface; establishing a
second shock front proximate to said deflector surface; entraining said
liquid in said gas proximte to one of said first and second shock fronts.
46. A nethod accor di ng@t U€lFaichra£cteilehdr fdopr iCoMAy rd$24BiI9shi ng a

plurality of ;shack di-aaRnds zeln153idd sQui-d=9as St ermf 1Sy dem tter.
exit orifice positioned adjacent to said outlet;
a deflector surface positioned facing said
outlet in spaced relation thereto;
said method comprising:
discharging said liquid from said
orifice;
discharging said gas from said outlet
creating an overexpanded gas flow jet from said nozzle;
entraining said liquid in said gas to
form a liquid-gas stréam; and
projecting said liquid-gas stream from

salid emitter.

45. A method according to Claim 44, further
comprising:
establishing a first shock front between
said outlet and said deflector surface;
establishing a second shock front
proximate to said deflector surface;
entraining said liquid in said gas

proximate to one of said first and second shock fronts.

4¢6. A method according to claim 44, further
comprising establishing a plurality of shock diamonds

in said liquid-gas stream from said emitter.



