1 H GH 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
oper at i onal
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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 emitting
atomized liquid, the device injecting the liquid 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 liquids 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 lnteraction between a gas jet and a cavity, to



node generally do not have the fluid flow characteristics required to be
effective in fire protection applications. The volune of flow fromthe
resonance tube tends to be inadequate, and the water 1o particles generated
by the atom zation process have relatively Iow velocities. As a result,
these water particles are decelerated significantly within about 8 to 16

i nches of the sprinkler head and cannot overcone the plunme of rising
conbustion gas generated by a fire. 15 Thus, the water particles cannot get
tothe fire source for effective fire suppression. Furthernore, the water
particle size generated by the atom zation is ineffective at reducing the
oxygen content to suppress a fire if the anbient tenperature is bel ow 55C.
20 AdditionalbyomkmemhiqmﬁmnanﬂeihubesetequiIﬁtd(ﬂﬁﬁiﬂéﬂﬂbn In@zge gas vol unmes
delivered at hi ressure. This produces unstable gas flow which generates
si gni fi cant bgu§€i3%n%‘h"e‘? gt;}“baend"h'?éﬁalta’?egc?‘ﬂ%‘?ﬁ%eef‘}ee’fﬁyorlSsurfaces acr oss
which it traveksseheading to inefficient 25 atom zation of the water. There
is clearly a need for an atomizing enmtter that operates nore efficiently
than known resonance tubes in that the emtter uses smaller volunmes of gas

at | ower essures UGE L SUISH & | ume of atom zed water particles
é) R(T-:-Qor‘?egr‘f)éi Qtt V\[HPI ggsui %: WFl‘

having a 30 smal | er sSi ze utlon %ﬁfr lﬁl i cant
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

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 is
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



nmonment um upon di scharge so that the water particles may 3 overcone the fire
snoke plunme and be nore effective at fire suppression. 4 Brief Description
of the Drawings Figure 1 is a longitudinal sectional view of a high
velocity |low pressure emitter according to the invention; 5 Figure 2 is a

| ongi tudi nal sectional view showing a conmponent of the emtter depicted in
Figure 1; Figure 3 is a longitudinal sectional view show ng 1o a conponent
of the emtter depicted in Figure 1; Figure 4 is a |ongitudinal sectional

vi ew showing a conponent of the emtter depicted in Figure 1; 15 Figure 5
is a longitudinal sectional view showing a conponent of the emtter

depi cted i n Pigoeend ;theifiure shroke alunagareinkoemiostd rf felcgiidef Bbw from t he
emtter baseg.ugon a Schl.ieren photograph of the 20 emtter shown in Figure
1 in operatiohtahtPH G 7 is a diagramdepicting predicted fluid flow
for another enbodi ment of the emtter. 25 Detail ed Description of the
Preferred Enbodi nents Figure 1 shows a |ongitudinal sectional view of a



hi gh 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 wth 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 inner surface420, 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 being 10
est abl i shed Eeﬂﬁéeﬁe§hei@tﬁ¢mxnﬁnth§uDﬁawénaﬂd the nozzle outlet. The gap may
range in size betfgen abp A 1% $ g about 75 |nch§i The defl ector
surface 22 is hefd97h" space re Stion P rr??%%l%%lvéedﬂ/ & or nore
support | egsh2gh #61Fcetrbdi \oredafulrectat t Sof f a6co 2% fprgy itges a fl at
surface portion 28 substantially aligned with the nozzle outlet 16, and an
angl ed surfa&éVﬁBF%PBn 30 contiguous with and surrounding the flat portion.
Flat 20 pertion 28 is substantially perpendicular to the gas

Figure 2 is 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 is 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 is 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. Inlet 14 is in fluid



flow fromnozzle 12, and has a mninmum di aneter approximately equal to the
di aneter of the outlet 16. The angled portion 30 is oriented at a sweep
back angle 32 fromthe flat portion. The sweep back angle may 25 range

bet ween 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 surroupgded, by, & 4 af; c PY %&%Esﬁ?ié‘é‘ R RoRPqk, A9l ed portton 42

(Figure 4) or a curved portion 4 rgure d 5 depth of

t he resonancepcavidgs npas b aper oxizahtehy a enple terntihe dipaekareof outl et
16. Wth referﬁ§c$la aiq:to Fi gure é, an annul ar chanber 46 surrounds
nozzl e 12. ChaiBer 2% 1&9n fituitd 20E2RbAFRMIT AN Wit RoFzgeedduri zed

liquid suppl yhd8et hatuPrayidesed geh@uiAnd o diner Lhamer At naughedet er m ned
pressure and flow rate. A plurality of ducts 50 extend from'the chanber 46.
Each duct hasCaReexsharsisfiEB2s posdineancrradjsst emr fiagenoazke outl et 16.
The exit 15 ogifices,haye a dianmeter of about 0.0625 inches.

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 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.
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 is 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



Preferred di stances between the nozzle outlet 16 and the exit orifices 52
range between about 0.015 inches to about 0.125 inches as neasured along a
radius line fromthe edge of the nozzle outlet to the closest edge 20 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 tRrough 25 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 30 prefsieahadsgashdressisc dretsieeacaboptngy Psia i akeut, 60 psia at
the nozzle inlet 14 and a preferred water 7 pressure between about 1 psig
and about 50 FsP§efnenensedtens tessiPBl sugalerdehd?ide Miatr ogen, ot her

inert gases, Roxtubgs40fahdes tsi@83e9a2%, Wehh188 o8 fﬁ@ﬁz Ofriigigt and

chem cally active gases such as 5 air. Qpefation o e emtter 10 is
described witH#) p&ferenceed e tgre 46 WhRiehresSh. drive mif dmesed apdn

Schlieren photiagtarhkc. Anal ¥ farle 20,90 Ab) e | Sl it very

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 outlet 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 orifice 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



Gas 45 exits the nozzle outlet 16 at about Mach 1.5 and inpinges on the
defl ector surface 22. Sinultaneously, water 47 is discharged fromexit is
orifices 52. Interaction between the gas 45 and the defl ector surface 22
establishes a first shock front 54 between the nozzle outlet 16 and the
defl ector surface 22. A 20 shock front is a region of flow transition from
supersoni c 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 angl ed surface portion 30. Wter 47 discharged
fromthe ori fRESSES PetERERafRedt WiRH @ Radgabopst SA5ppioximate to the

second shock difafe 30636 £Q5ELHG 0 aaReShiEaRLE0, Che. pret hod of

Y
entrainment is to use the pressurggd%%¥erentlal THe pressure in
t he gas flow jr&trtagdsele mmbtenés ofShiook tdigasesdssS58eidrasin a regi on al ong
t he angl ed %%5&5%% 38f Eger§hgg§ i anon bei@g confined wwthin the
|i qui d-gas stréam 60, “whi'¢R* pr O ect Ut war/dPy *aH8 82 FBWNWATHI3S from t he
em tter. FBhe allrack di anonds are also transition regions between super and
subsonic fl ow
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 cutlet 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 pocrtion 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



velocity and are the result of the gas flow being overexpanded as it exits
the nozzle. Overexpanded flow describes a flow regine wherein the external
pressure 10 (i.e., the anmbi ent atnospheric 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 limt between the

| i qui d-gas stream 60 and the anbi ent at nosphere. The 15 oblique shock waves
are reflected toward one another to crgate the shock dianonds. Significant
shear forces are produced in the |iquid-gas stream 60, which ideally does
not separate 20 fromthe deflector surface, although the emtter is stil

effective if sepapsdirocalntheagashelbwaje®land tHe amdiiemtent rai ned
proxi mate to the second shock front 56 is subjected to these shear forces
whi ch are theSRRFk ndt3MMREhald Aol "ad oh$ZERT Gh-Orthe hfattd@918Fso 25

encount ers th$o§€'9&l§ %5 annds e WikABnal ol MPCandaned SQukes of vater

atom zation. Thus, the emtter 10 operates with nultiple nmechanisns of
atom zation V\/hhehlm@tmws/\mtefreapaﬁ@p ckeisch IraEdtes uthvarrd29 pndi n

di ameter, §heqpaoLidy, of he articles being IIRAsrad Aldsegset han 5 pm

The 9 smaller drop are buoyant
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
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 oblique 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
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Measurenents show the |iquid-gas stream having a velocity of 1,200 ft/mn
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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. 1Included 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 690.
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

i ng of
zl e and

a



The emtter causes a tenperature drop due to the atom zation of the water
into the extrenely small 30 particle sizes described above. This robs the
fire of heat and helps mtigate spread of conmbustion. The 10 nitrogen gas
flow and the water entrained in the flow replace the oxygen in the room

Wi th gases that cannot support conbustion. Further oxygen depleted gases in
the formof the snoke layer that is entrained in the 5 fl ow al so contri butes
to the oxygen starvation of the fire. 4 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 at hverbged ddansfer ab@ themibber fdriesa tdues W tdngatesi g spread of
combustion by this node of heat transfer. Because of the extraordinary
| ar ge surfacef8PeaC? &SR t3HHP AT dih Lhe f@%@r%ﬁﬁﬂ3ﬂ%ﬁﬁﬁIthﬁétéﬁnﬁaFtlcle si ze,

the water readj} %or@béaﬁ&gﬁ%%rgys@@@héw Sdifamphy fusther ndi spl aces 15

oxygen, absorbs heat fromthe fire and hel ps nalntaln a sta | e tenperature
typically assbhéafednwit Hhe prake lavanstm¢tnns'ﬁﬂinﬂxnemglandhehe t ur bul ence

g;gﬁ;gdtﬁgsff?gogg%féencéﬁé¥{g3%egs OYVRL oxf éﬁ”g¥§f¥a i%n oftgﬁ region

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

10 from the fire, thus mitigating spread of combustion by
this mode of heat transfer. Because of the
extraordinary large sﬁrface 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 fregquency
components higher than about 6 kHz (half the operating

frequency 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



The emitter is unlike resonance tubes in that it does not produce
significant acoustic energy. Jet noise (the sound generated by air noving
over an object) is the only acoustic output fromthe emtter. 25 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 not contribute significantly to water atom zation. 30
Furthernore, the flow fromthe emtter ;4s stable and does not separate from
the deflector surface (or 11 experiences del ayed separati on as shown at

60a) unlike the flow fromresonance tubes, which is unstable and separates
fromthe deflegarisudsade,laykdsskpaditnigrnt as ishelhi ateBsDaat aniziadi on or even

| oss of atom zatiaon. 5 Another emtter enbodinent 11 is shown in Figure 7.
Em ter 11 he IR 2P aERPa g ST t6a inebaBIE. TRE norol e 12

The ducts aresHwId ¥ okl @AkederiOctiF eGlrihe Wahas e QtRgrediquid 47
toward the gas 10 45 so as to entrain the liquid in the gas proximate to

the first shobkeffisHends atpmizgtheni@ueiarhdosshicd ahpmargehent will add yet
anot her region of atomi zation in the creation of the |iquid-gas stream 60
projected fromthe emtter 11

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.



15 Emtters according to the invention operated so as to produce an
overexpanded gas jet with nultiple shock fronts and shock di anonds achi eve
mul tiple stages of atom zation and result in nultiple extinguishment nodes
20 being applied to control the spreadpof fire when used in a fire
suppression system - 12 - Wat is clained is: 1. An emitter for atom zing
and discharging a liquid entrained in a gas stream said emtter being
connectable in fluid conmunication with a pressurized source of said liquid
and a WhatdsGlaisaeddsrce of said gas, said enitter conprising: a nozzle
having an inlet and an outlet and an unobstructed bore therebetwen, said
outlet having a dianeter, said inlet being connectable in fluid

comuni cat 'PnAWéth?cél'¢opra‘téﬁﬂﬁin7ge€n§3§séﬁéfgiﬂg a Iﬁﬂﬁa erp@Bfied ¢ forom sai d
nozzl e and connectable in fluid “conmunication™w th said pressurized liquid

sour cegjas atrachac saldhemmigtembeisng coonettabde v fhuidt eorfmoonicatigosvith @aned
adj acent to said nozzle outlet; ~and a deflector surface £05|t|oned facing

sai d rYESSHI@ed sQurasapfisaiblinuid 8ndsq mrgssupéet ppuse Phpaid gasspaiced
compr 1 TR BIRASE ce ‘or  ented  sabstantial 'y perpendi cul arly to said
Lo ng sor & NE2E haymaert e pperah it o asaistricee
bore therebetween, said outlet havmg a dlameter, said inlet being
connectable in fluid communication with said pressurized gas source;
a duct, separate from said nozzle and connectable in fluid
communication with said pressurized liquid source, said duct having an
exit orifice separate from and positioned adjacent to said nozzle outlet;
and
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 minimum diameter
approximately equal to said outlet diameter, said 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 is deflected by said deflector surface and

flows away therefrom.

2. An emitter according to claim 1, wherein said nozzle is a

convergent nozzle.

3. An emitter according to claim 1, wherein said outlet diameter is
between about 1/8 and about 1 inch.



surface having a wetted area defined by m ni mum di aneter approxi mately
equal to said outlet dianeter, said liquid being dischargeable from said
orifice, and said gas being dischargeable from said nozzle outlet, said

| iquid being entrained with said gas_ q?_atonized formng a |iquid-gas
streamthat is deflected by said deflector surface and flows away
therefrom 2. An emtter according to claiml, wherein said nozzle is a
convergent nozzle. 3. An emitter according to claiml1l, wherein said outlet
di anmeter is between about 1/8 and about 1 inch. - 13 4. An emtter

according tg claim1l, wherein said orifice has a %IJ anet er bet ween about
1/ 32 and abfuPAMeRitteraceprding daidlatn hewbeseysawl erifice has @herei n sai d

11 10° aHERh BEFyeRn SBAGE 1432 P AR IR, 5, Gi ngTo clai m1. further

conprising a closed end cavity positioned within said deflector surface and
surrounded by said flat surface. 7. An emitter according to claiml1,

wher ei n sai B. &n enutleri ascarding ftacddinhrbnwb@irdimsaid deflect@t sbyfagedsst ance
bet ween about 1/64 and 1/8 of an inch, 8. An emtter according to claim1l,

wher ei fiPaeed fryrzsaid qubighbhea distangebgtwesnaabaulydél Brard @boutadist bet ween
about %ga%siin%hand about 60 psia.

6. An emitter according to claim 1, further comprising a closed end
cavity positioned within said deflector surface and surrounded by said flat
surface.

7. An emitter according to claim 1, wherein said exit orifice is
spaced from said nozzle outlet by a distance between about 1/64 and 1/8

of an inch.

8. 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.

9. An emitter according to claim 1, wherein said duct is adapted to
operate over a liquid pressure range between about 1 psig and about 50

psig.

10. 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, said

emitter comprising:



9. An emitter according to claiml1, wherein said duct is adapted to operate
over a liquid pressure range between about 1 psig and about 50 psig. 10. An
emtter for atom zing and discharging a liquid entrained in a gas stream
said emtter being connectable in flyig_gonnunication wth a pressurized
source of said liquid and a pressuriz% source of said gas, said emtter
conprising: -14- a nozzle having an inlet and an outl etand an unobstructed
bore therebetween, said outlet having a dianmeter, said inlet being

connect abl e i n fa modzbomavimg an bretvanid saiclthetasslianzedopsiyusbed ce; a duct
separate from said nozzle and connectable in fluid comunication with said
pr essupPEtheeRatwesiursaid eutlat favingavdisgnater, said iplgtibeiGkeparate from

posi {1 omEEBIETh Bl diBoidh SaPRE WRiEEh hres i BB R0
positioned in spackitt 'es ftOmSsaid HBZZIbeal‘Pé”c'ggmtnescﬁgﬁlé‘PrYﬂ'ﬂl a first

surface portion conprising a ffat surface orient stantially

per penchrah@nication sattd safk pressundzed sigeid dosrcé psaidpduct traviagran i sing a
curved surface surrounding said flat surface, said flat surface having a
wet t eddf edifinsr saparalie trom andipogitioned adipeeni fonsaid yozadr gutled; sai d
outlet_dianeter. 11. An emtter according to claim 16, wherein said duct is
angula?mq oriented toward said nozzle. 12. An emitter according to claim

10, further compreHdigoR stir@dpositioned 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 minimum diameter approximately

equal to said outlet diameter.

11. An emitter according to claim 16, wherein said duct is angularly

oriented toward said nozzle.

12. An emitter according to claim 10, further comoprising a closed
end cavity positioned within said deflector surface and surrounded by said

flat surface.

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

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

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

outlet;



end cavity positioned within said deflector surface and surrounded by said
flat surface. 13. A nethod of operating an emtter, said emtter conprising:
a nozzl e having an unobstructed bore positioned between an inlet
connectable in fluid conmunication mﬁt£ a pressurized gas source and an
outl et having a dianeter; a duct conne ?éble in fluid conmunication with a
pressurized |liquid source, said duct having an exit orifice positioned
adjacent to said outlet; - 15 a deflector surface positioned facing said

outlet in spaceda deflattamsuifacetpmsiiandddatiresbaid sutfstde spaged sing a fl at
surface oriented substantially perpendicularly to said nozzle, said flat

sur f acéelatiamgharetnetsadd deflectassurgaregomprisinguant@itatsface Aypihadmat el v
equal to I d. putlet di ter;, said method co i,si ng. discharging said
ot o DS atinlY e petfcpehi e §pi MBarl saldMart dpae siivB6% oo & gas
reachi (o)t ; IS b I said
out | ot MetEHRRCRREANSARSY o AR AALNT ishdtel dooXIgtely CAlab T B S e
and t heutldtrabiangeteron said wetted area; establishing a second shock front
proximate to said deflector surface, said gas noving across said wetted
area and i ncr easisaifd methagepsapiisingieed bet ween said first shock front and
sai d second shock,. . . . .
discharging said liquid from said orifice;
discharging said gas from said outlet, said gas reaching
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 at at least one of said shock
fronts to form a liquid-gas stream;

projecting said liquid-gas stream from said emitter.

14. A method according to claim 13, comprising establishing a

plurality of shock diamonds in said liquid-gas stream from said emitter.

15. A method according to claim 13, comprising creating an

overexpanded gas flow jet after said gas is discharged from said nozzle.

16. A method according to claim 13, comprising supplying gas to
said inlet at a pressure between about 29 psia and about 60 psia.



front, and decreasing in speed after passing through said second shock
front; entraining said liquid in said gas at at |east one of said shock
fronts to forma liquid-gas stream projecting said Iiquid-gas streamfrom
said emtter. 14. A nethod according_to.claim13, conprising establishing a
plurality of shock dianonds in said |I£ﬁ”d gas streamfromsaid emtter.

15. A nethod according to claim 13, conprising creating an overexpanded gas
flow jet after said gas is discharged fromsaid nozzle. 16. A nethod
accordi ng tad7clAametttyd eccprdisigntp sladpl ¥Bngogaprising sapglyingeliquid to pressure
bet ween about 29 psia and about 60 psia. -16- 17. A nethod according to

cl ai m $8id dURbALSA RECSUYS Pﬁ%eﬁﬂcﬂﬁ)wft b Rsig AR @bost 20 PSi8sure bet ween
about 1 psig and about 50 psig. 18. A nethod according to claim 13, further
conprising entraining said liquid with said gas proximte to said second
shock front 181 i ai : b &4i
cntraining SarunsRId 8BRS Achin a7 her, COIMBIDGRIRATIAE ¢\ oy

20. A saidtiduat edthiisagd igascproxinidte tdhsaid sesond shopki frogds stream does not
separate fromsaid deflector surface. 21. A method according to claim 13,
conprising creating no significant acoustic energy fromsaid emtter other

h | i A 22. A hod dj 13, f h
gener ati ng. oo MeHHOd Bcaped BEetl Pl 18, FuBNer chmisleias csarringo ol ai m
13, TuchifliqaRIWitiF 's38d e SroxXiRtte to said first shock front.

20. A method according to claim 13, wherein said liquid-gas stream

does not separate from said deflector surface.

21. A method according to claim 13, comprising creating no

significant acoustic energy from said emitter other than jet noise.

22. A method according to claim 13, further comprising generating
momentum in said gas flow jet.

23. A method according to claim 13, 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.

24. A method according to claim 13, further comprising projecting
said liquid-gas stream at a velocity of about 700 ft/min at a distance of
about 8 feet from said emitter.

25. A method according to claim 13, further comprising establishing
flow pattern from said emitter having a predetermined included angle by

providing an angled portion of said deflector surface.



said liquid-gas streamat a velocity of about 1,200 ft/mn at a distance of
about 18 inches fromsaid emtter. 24. A nethod according to claim 13,
further conprising projecting said |iquid-gas streamat a velocity of about
700 ft/mn at a distance of about 8 feet fromsaid emtter. 25. A nethod
according to claim 13, further conpriéing establishing flow pattern from
said emtter having a predeterm ned included angle by providing an angl ed
portion of said deflector surface. - 17 26. A nethod according to claim 13,
conpri si ng d6awi nethogbadcording toatidimas3f compiesingsd rawngligesdiinto
differential between the pressure in said gas flow et and the anbient. 27.
A net hedidagasftawdet @smgaianpueﬁswer@ﬁegenglagrbtertmemrh gfressure)in §aitht o sai d

gas flow jet and _atpm zing, said liquid into drops less than 20 pmin

di amet 8PS f&%?’?’ ]ﬁgﬁ@t‘ﬁ{ﬁﬁ Qﬁgﬁﬂtng to claim 13, conprising discharging an
inert gas fromsaid outlet. 29. A nethod according to claim 13, conprising
di scharging a mxture of inert and chemcally active gases fromsaid

outlet. 30.27 mehietthort aecolidiggtte clainm 33 conwherising eatrdiorsy sakd ure
conprises air. 31. A nethod of operating an enmitter, said emtter

conpri §quig intonsaid @as dlowjetiandnalssniziog ssdiddiguigdote idnops lesswbam an
i nl et &@nnectaale in fluid communi cation with a pressurized gas source and
an out FEtHELHHAIANEEESNn unobst ruct ed bore having a di aneter;

28. A method according to claim 13, comprising discharging an inert

gas from said outlet.

29. A method according to claim 13, comprising discharging a

mixture of inert and chemically active gases from said outlet.

30. A method according to claim 13, wherein said gas mixture

comprises air.

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

a nozzle having an unobstructed bore positioned between an
inlet connectabie in fluid communication with a pressurized gas source
and an outlet comprising an unobstructed bore having a diameter;

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 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:



a duct connectable in fluid comrunication with a pressurized I|iquid source,
sai d duct having an exit orifice positioned adjacent to said outlet; a

defl ector surface positioned facing said outlet in spaced relation thereto,
sai d deflector surface conprising a figt- surface oriented substantially
perpendicularly to said nozzle, said flat surface having a wetted area
defined by a m ninum di aneter approxi mately equal to said outlet dianeter;
said nethod conprising: - 18- discharging said liquid fromsaid orifice;

di schar gi ng sai digeRAFAIBeh spddiqidifepm said PRICER over expanded gas flow j et
fromsaid nozzl e, [.n_sal: I eves r SQAl eed; inpinging said
gas flow jet on dé%@ﬁge%'gr@f%r%'ﬁi%?ﬁggqmﬁia In said gas to form
a liqy 1 et d b e W HY; sai d
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est ablsupgrsgnic §pesd; shock front between said outlet and said deflector

surface wherein said gas decreases from supersonic to subsonic speed;
establ i shing a devdngnGsald gasHiloywriekiamsaid welked aféflect or surface, said

gas increasing to,.supersoni.c speed between sai.d first shock ront .and said
second shock fr(ﬁﬂtragwagtf@dﬁéﬁﬁ{'ﬁdniSr‘?'\éep%%%§%ff8'ém ﬁj&i'aggas sﬁ:ream,
and

projecting said liquid-gas stream from said emitter.

32. A method according to claim 31, further comprising:

establishing a first shock front between said outlet and said
deflector surface wherein said gas decreases from supersonic to subsonic
speed;

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

entraining said liquid in said gas proximate to one of said first

and second shock fronts.

33. A method according to claim 31, further comprising establishing
a plurality of shock diamonds in said liquid-gas stream from said emitter.

34. An emitter according to claim 1, wherein said angled surface
has a sweep back angle between about 15° and about 45° measured from

said flat surface.

35. An emitter according to Claim 1, further comprising a plurality

of said exit orifices.



t hrough said second shock front; and entraining said liquid in said gas
proxi mate to one of said first and second shock fronts. 33. A nethod
according to claim 31, further conprising establishing a plurality of shock
dianonds in said |iquid-gas streamfrojgsaid emtter. 34. An emtter
according to claim1, wherein said angled surface has a sweep back angle

bet ween about 15 and about 45 neasured from said flat surface. 35. An
emtter according to Claiml, further conprising a plurality of said exit

orifices. -36- 8emethastderordingtaiciainol 2| Aurkhes comprisig goawingiamy

dr awi depl et ed Kk into,said di sch df id
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ent r ai enmigtegai d snoke |l ayer with said |liquid-gas streamof said emtter.

37. A method according to claim 31, further comprising drawing an
oxygen depleted smoke layer into said gas discharged from said outlet
and entraining said smoke layer with said liquid-gas stream of said
emitter.



