1 AN IMPROVED MIST GENERATING APPARATUS The present invention
is directed to the field of mist generating apparatus, which generate and
sPYRYYHIRHE droplets. The apparatus of the present Sinventibh fg82008/051040
particularly, although not exclusively, suited for use in cooling, fire
suppression and decontamination applicdtions. Mist generating apparatus
are known which inject a high-velocity transport fluid into a working fluid in
order to atomise the working fluid and form a 10flow of dispersed working
fluid dlé)lﬁelEts in a continuQus vaﬁour hase, which is then sprayed into the
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a mist, such as would be required i apparatus was deployed as part of a

fire suBﬁréHQHﬁ%ﬁ}Q%ﬁ?%d&%BWthIﬁﬂ?&??&iroﬁﬁample. The apparatus

20would fill the volume with mist, but would require relatively large amounts

of tran rt and working fluid to do so. Therefore..one gbject of the present
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opposing surfaces which define a transport fluid nozzle therebetween; and
which is then sprayed into the atmosphere. In such apparatus the working
fluid is sprayed from a nozzle in a single general direction. As these
existing apparatus only spray in a single direction, the spray angle of the
droplets, that is the angle at which the spray of droplets initially leaves the
15 apparatus, will be limited. Whilst such apparatus are very effective at
covering an area directly in front of the nozzle with a mist, they are
relatively inefficient if required to fill a given volume with a mist, such as
would be required if the apparatus was deployed as part of a fire
suppression system in a room in a building, for example. The apparatus
20 would fill the volume with mist, but would require relatively large amounts

of transport and working fluid to do so.

Therefore, one object of the present invention is to overcome the
aforementioned disadvantage(s).
25
According to a first aspect of the invention, there is provided a mist
generating apparatus having a longitudinal axis and comprising:
first and second opposing surfaces which define a transport fluid

nozzle therebetween; and



2 a working fluid passage having an inlet connectable to a supply of

workin?%aﬂuid, and an outlet on one of the first and second surfaces, the outlet
c {#84Y with the transport fluid nozzle; wherein the traffspGRAFE31040

nozzle has a nozzle inlet connectable to 5a supply of transport fluid, a nozzle
outlet, and a throat portion intermediate tBe nozzle inlet and nozzle outlet,
wherein the nozzle throat has a cross sectional area which is less than that of
either the nozzle inlet or the nozzle outlet; and wherein the transport fluid
nozzle projects radijally from the 10longitudinal axis such that the nozzle
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passage Lp fluid cforgurﬂgpicagon with the transport fluid nozzle inlet and

connec at le'With the supﬁw of transport fluid, wherein the transport fluid

passage is pwmr@inzsammmtﬂbw oozxiapigettheafbadyitiramahaxis. The
1002zladngr RN A atichalangiet Rt deaRt s SeotsRm ARMGIN Sout the

longitudinal axis. The nozzle may define a rotational angle of at least 90
degredSBBENHEGhgitudinal axis. In other words, the nozzle may define

The term “working fluid” is used herein to describe the fluid which is to be
sprayed from the mist-generating apparatus. Non-limiting examples of a
15 suitable working fluid are water, a liquid fire retardant, or a liquid
decontamination agent. The term “transport fluid” is used herein to
describe the fluid which is introduced into the mist-generating apparatus in
order to generate the mist of working fluid. The transport fluid is preferably
a compressible gas. Non-limiting examples of a suitable transport fluid are

20 compressed air, nitrogen, steam or carbon dioxide.

The apparatus may further comprise a transport fluid passage in fluid

communication with the transport fluid nozzle inlet and connectable with

the supply of transport fluid, wherein the transport fluid passage is parallel,
25 and preferably coaxial, with the longitudinal axis.

The nozzle may define a rotational angle of at least 5 degrees about the
longitudinal axis. The nozzle may define a rotational angle of at least 90
degrees about the longitudinal axis. In other words, the nozzle may define

30 a rotational angle of between 5 and 360 degrees, or between 90 and 360



30a rotational angle of between 5 and 360 degrees, or between 90 and 360
3 degrees, about the longitudinal axis. The nozzle may also define a
rotticHaatdle of between 90 and 180 degrees, between 188GHGEF /051040
degrees, or between 270 and 360 degrees about the longitudinal axis. 5The
nozzle may define a rotational angle of s@bstantially 360 degrees about the
longitudinal axis. The nozzle outlet may comprise a slot in an external surface
of the apparatus. The nozzle outlet may be continuous around a portion of
the perimeter of the apparatus covered by the rotational angle. The
appar SRR, AR CAHIIUE BB maRE ARFEIR PRSIy be
insertedtatiorthieanglzztd betilaido eteatd asdistantiosiitydinerein] dtanaaively,
the ”Oéé'ger Oe%,'%tr@&%dggnd?%ﬂ&%%BS?%%‘?%QQ 5588{}'18% hEeReLmeter of
the apparatus’covered by the rotational angle, such that the’apparatus
comprises a plurality of nozzle outlets. 20The working fluid outlet may open
into therranspagt Hiid arele inteBRdIaleiRe Nazsie-HoR! s6¢ dograegzle
outlet, The working fluid outlet may be on the first surface of the apparatus.
The oGRUNES IR8SHERAGXIS annular and coaxial with the longitudinal axis.
25 The working fluid passage may have a pair of outlets on the first surface
of the aratus. The outlets may. be annular_ and concentric. 4 King fluid,
and e BB R e e S o
the tragpaatlaid nozzle intermediate the nozzle throat and the nozzle outlet.
1d&he outlet of the second passage may be substantially annular and coaxial

with the longitudinal axis. ) ) )

The nozzle outlet may be continuous around a portion of the perimeter of

the apparatus covered by the rotational angle. The apparatus may further

comprise one or more filler members which may be inserted into the

nozzle outlet to create a discontinuity therein.

15
Alternatively, the nozzle outlet may be discontinuous around a portion of
the perimeter of the apparatus covered by the rotational angle, such that
the apparatus comprises a plurality of nozzle outlets.

20 The working fluid outlet may open into the transport fluid nozzle
intermediate the nozzle throat and the nozzle outlet,
The working fluid outlet may be on the first surface of the apparatus. The
outlet may be substantially annular and coaxial with the longitudinal axis.

25

The working fluid passage may have a pair of outlets on the first surface of

the apparatus. The outlets may be annular and concentric.

The apparatus may further comprise a second working fluid passage, the

30 second working fluid passage having an inlet connectable to a supply of



5 The second working fluid passage may have a pair of outlets on the second
surface of the apparatus. The outlets of the second working fluid passage
may PYUMAAr and concentric with one another. 10The appdrat(f&Bif4/051040
further comprise first and second body members, wherein the first and
second surfaces are provided on the first4and second members, respectively.
The second member may be at least partially received in the first member,
15wherein the transport fluid supply passage is defined between the first and
second members. The first member may comprise a proximal end defining

the firdf Qirscluidnand B8raLiieriyifig RETgRARHAR S bGP YSEmber,
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a flan ich define r rojecting radially outwardly from
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end ofstiestagtiaig sieirauancicaptiel it Hivlleegiditinaldises define the

gansport fluid nozzle between them. 25 The transport fluid passage may be

defined between the exterior of the shaft and the wall of the bore. 5 can
adjust tHE PTG e JLLd R sRRPRIBRYIA G BaR O RstRiR A EIC and
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project from the sec{g)eng surface 8nto the {irst SH{face angd. may be adjusted to

vary tH& amaunt By which l|JtI %rgPecfg fom the second E]:{]s%r ace. The

apparatus may comprise a plurality of such adjusters.
10 The apparatus may further comprise first and second body members,

wherein the first and second surfaces are provided on the first and second
members, respectively.

The second member may be at least partially received in the first member,
15 wherein the transport fluid supply passage is defined between the first and

second members.

The first member may comprise a proximal end defining the first surface,
and a bore extending longitudinally through the first member, and the

20 second member may comprise a longitudinally extending shaft and a
flange which defines the second surface projecting radially outwardly from
one end of the shaft, wherein the shaft is located in the bore at the
proximal end of the first member such that the first and second surfaces
define the transport fluid nozzle between them.

25
The transport fluid passage may be defined between the exterior of the
shaft and the wall of the bore.

The position of the second member may be adjustable relative to the first

30 member. The apparatus may further comprise at least one adjuster which



The working fluid passage may be located within the first member. The

second working fluid passage may be located within the second 10member.
TROHYPANEAr second surfaces may be provided with one o frigfe2008/051040

turbulence enhancers. The turbulence enhancers may comprise protrusions
and/or indentations on the, or each, surfate. 15 According to a second
aspect of the present invention, there is provided a method of generating a
mist with a mist generating apparatus having a longitudinal axis, the method
comprising: supplying a flow of transport fluid to a transport fluid nozzle
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outlet; 8% BEpvingtadierkany theia frown by oikiely ifiidiecisdion hisesetand
frst and, sscondsuidpsemiodhelrapanatduinpaziedniernedialgdhe nozzle

throat and nozzle outlet; accelerating the flow of transport fluid as it
passes through the nozzle throat, whereby the accelerated transport fluid
applieFieesheraimgflGidgrasstaythensvoking-Hieid itdimtomisestenerking fluid
to form a mist of vapour and working fluid droplets; and spraying the mist
from the nozzle radially of the longitudinal axis, such that the spray of mist
has a fdtasesandpravkinmiwidipmasstgs may be located within the second

10 member.

The first and/or second surfaces may be provided with one or more
turbulence enhancers. The turbulence enhancers may comprise
protrusions and/or indentations on the, or each, surface.

15
According to a second aspect of the present invention, there is provided a
method of generating a mist with a mist generating apparatus having a
longitudinal axis, the method comprising:

supplying a flow of transport fluid to a transport fluid nozzle defined

20 between first and second opposing surfaces of the apparatus, the nozzle
comprising a nozzle inlet, a nozzle outlet, and a nozzle throat intermediate
the nozzle inlet and nozzle outlet, and the nozzle throat having a cross
sectional area which is less than that of either the nozzle inlet or nozzle
outlet;

25 supplying a working fluid from a working fluid outlet on one of the
first and second surfaces to the transport fluid nozzle intermediate the
nozzle throat and nozzle outlet;

accelerating the flow of transport fluid as it passes through the

nozzle throat, whereby the accelerated transport fluid applies a shearing



5longitudinal axis as it leaves the nozzle outlet. The transport fluid may be

sgg&lied to the transport fluid nozzle by a transport fluid passage which is
cOXHWHH ¥ e longitudinal axis of the apparatus. The mist nfay fHR7805/051040

rotational spray angle about the longitudinal axis of at least 5 degrees as it
leaves the nozzle outlet. The mist may h&ve a rotational spray angle about
the longitudinal axis of at least 90 degrees as it leaves the nozzle outlet. The
mist may have a rotational spray angle about the longitudinal axis of
substantiall{?gm degrees as it leaves the nozzle outlet, The nozzle outlet
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such thaidnerriieyRf Miglbaka HEMYALKe (Ri@tional spray angle about the
longitudinal axis of at least 90 degrees as it leaves the nozzle outlets. The

cumulative rotational spray angle about the longitudinal axis may be
substartialhad§tbadyiaennsht leaysithe tez zierspiet duid Adezorking fluid
may be supplieg from a pair of working_ fluid autlets on the first surface,into
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5The wppdAMRiURIid outlet may be on the first surface, and the method may

1frther comprise supplying working fluid from a second working fluid outlet on
the second surface to the nozzle intermediate the nozzle throat and the

nozzle' BRUBISTREYGG & TRAYIAA| Shery nlled Roih B iR giitsipgids of

working flsiet Guileiscen ticitdeaoss tbarfaceldlOutiet. The mist may have a
rotational spray angle about the longitudinal axis of at least 90 degrees as
it leaves the nozzle outlet.

15
The mist may have a rotational spray angle about the longitudinal axis of

substantially 360 degrees as it leaves the nozzle outlet.

The nozzle outlet may be continuous around the perimeter of the
20 apparatus, and the method may comprise an initial step of inserting one or

more filler members into the nozzle outlet to form discontinuities therein.

The nozzle outlet may be discontinuous around the perimeter of the
apparatus, and the method may comprise the step of spraying the mist

25 from a plurality of nozzle outlets such that the spray of mist has a
cumulative rotational spray angle about the longitudinal axis of at least 90
degrees as it leaves the nozzle outlets. The cumulative rotational spray
angle about the longitudinal axis may be substantially 360 degrees as it
leaves the nozzle outlets.

30



The working fluid supplied from the first and second working fluid outlets may
be the same fluid. Alternatively, the method may comprise supplying first and
s&tBAYPUBMRMg fluids from the first and second working fluid gg?l};é;tg?OOS/05104°
respectively. 15 Supplying the working fluid from the working fluid outlets may
comprise pumping the working fluid from fhe working fluid outlets. The
method may further comprise the step of adjusting the position of the
20second surface relative to the first surface, thereby adjusting the
dimensions of the transport fluid nozzle. According to a third aspect of the
inventibhe INRENG Pris ey REsERRYE $rpner BatiHY, ektraillid grtlets on
extingthistfing sulifecwititnthespanep dnefnie thadRSoampesiag ahemeatmattof
gener%il%%taa%srg Oaz%igrgdrﬂg to the second aspect of the invention, and further
comprising spraying the mist into the space in an amount and for a period of
time sufficient to prevent, control, or extinguish the fire. 8 According to a

fourth BspGRS IR ARV BB MEIEER SHRFRVifECsARySieah PR RERYE Snay
controlling, or extlngwshlnglf fire within a space, the system comprising a
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way of ex | Iy with reference to the accom ing drawings. in which:
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10

The working fluid supplied from the first and second working fluid outlets
may be the same fluid. Alternatively, the method may comprise supplying
first and second working fluids from the first and second working fluid
outlets, respectively.

15

Supplying the working fluid from the working fluid outlets may comprise

pumping the working fluid from the working fluid outlets.

The method may further comprise the step of adjusting the position of the
20 second surface relative to the first surface, thereby adjusting the

dimensions of the transport fluid nozzle.

According to a third aspect of the invention, there is provided a method for
preventing, controlling, or extinguishing a fire within a space, the method
25 comprising a method of generating a mist according to the second aspect
of the invention, and further comprising spraying the mist into the space in
an amount and for a period of time sufficient to prevent, control, or

extinguish the fire.



Figure 2 shows a vertical section through a second embodiment of a mist
generating apparatus; Figure 3 shows a vertical section through a third
eMBIAMHEAEBF a mist generating apparatus; 15Figure 4 show< % GEAHIE8S1040
section through a fourth embodiment of a mist generating apparatus;

Figure 5 shows a perspective view of thefembodiment of the mist generating
apparatus shown in Figure 4; Figure 6 is a schematic view of how the
equivalent angle of 20expansion of a nozzle of a mist generating apparatus is
calculated; and Figure 7 shows a vertical section through a fifth
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rotatiofsiPerigibtoe butariem 5 and 360 degrees, and comprises a first
gember 101 and a second member 102. 9 The first member 101 has a
generally cylindrical body 114 which has a first end connected to a supply of
workirfg ARTASTSPRINMPAITLA B RYREE KEIRY WHrBpHbiydesrrihse, by 2
projectizy tadizdy platorirdiyitheesdiencclioe o dycbirb defingsieafisige/arking
fluid sw(lf%_passage 130 5which is in fluid communication with the working
fluid supply. The body 114 also includes a central bore 118, which extends
through the tiglyra 14howsirectiteahsecialypargiied With enebficimeotkihg

18UPPIYR8sS89S AR apparatus;
Figure 2 shows a vertical section through a second embodiment of
a mist generating apparatus;
Figure 3 shows a vertical section through a third embodiment of a
mist generating apparatus;
15 Figure 4 shows a vertical section through a fourth embodiment of a
mist generating apparatus;
Figure 5 shows a perspective view of the embodiment of the mist
generating apparatus shown in Figure 4;
Figure 6 is a schematic view of how the equivalent angle of
20 expansion of a nozzle of a mist generating apparatus is calculated; and
Figure 7 shows a vertical section through a fifth embodiment of a
mist generating apparatus.

Figure 1 shows a first embodiment of a mist generating apparatus,

25 generally designated 100 and having a longitudinal axis L. The apparatus
is adapted to produce a substantially annular mist or spray pattern of
atomised droplets over a rotational angle of between 5 and 360 degrees,

and comprises a first member 101 and a second member 102.



The first disc 112 defines a first working fluid passage 132 which is generally

perpendicular to, and in fluid communication with, the first 10working fluid
inteP 248727t working fluid outlet 160 is provided at the ren?&y%?%?oéf“ﬁ’rg‘m

first working fluid passage 132 so that working fluid may pass from the first
working fluid passage 132 through the ofter surface 140 of the first disc 112.
The first working fluid outlet 160 has a reduced cross-sectional area
compared to the first working fluid passage 132. In 15the illustrated
embodiment, both the first working fluid @assg%% 132 and first working fluid

outlet 188 WidRaBBLT @Rt ey Biaficehipacidd 4 191 < bR Fat
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assembly, the shaft 124 is received in the bore 118 25such that the wall %L114519

of the boFSIPPENGHRRASREHEE 3Pt Ehathiuciands dhneiaipEie fady
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passage 134 which, is,connected.to, a working fluid I e ond
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to, and in fluild communication with, the second working fluid supply passage

134. ALBCEHEWRKIRG Attt radLaPsaR’d3% tRTRIMKIEIBAd R Y
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second working fluid passage -136 through the outer surf 42 of the
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first working fluid outlet 160 extend about the entire perimeter of the first
disc 112, such that both the passage 132 and outlet 160 form annuli in the
first member 101 parallel, and preferably coaxial, with the longitudinal axis
L.

20
The second member 102 has a longitudinally extending shaft 124 having a
first end connected to a supply of working fluid (not shown) and a second
end having a second flange, or disc 122, projecting radially outwardly
therefrom. During assembly, the shaft 124 is received in the bore 118

25 such that the wall 119 of the bore 118 and the exterior of the shaft 124

define a transport fluid passage 128 between them.

The shaft 124 has a second working fluid supply passage 134 which is
connected to a working fluid supply. The second working fluid supply

30 passage 134 is generally parallel to the first working fluid inlet 130 and the



10pass out of the outlet in the general direction of the first disc 112 and first
working fluid outlet 160. In the illustrated embodiment, both the second
wORHG 5 assage 136 and second working fluid outlet 178EXEHEABYYE’
the entire perimeter of the second disc 122, such that the outlet 170 forms an
annulus in the second member 102 parall@l, and preferably 15coaxial, with
the longitudinal axis L. With the shaft 124 inserted into the bore 118 of the
first member 101, the first and second discs 112,122 are brought into close
proximity. With the first and second discs 112,122 close to one another, their

respeiRPARE M A7 RDNES uiBREE NS 458 derrietnrs i pereidid
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inlet 151 and a nozzle outlet roat por intermediate the
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viewed from outside the apparatus the nozzle outlet 155 forms a slot on the
externSP N EMAdURRASHALC THE Hio2rh 18O iR RYHasSHtriRIdafon
with thestremnspiyd flall prirsageohadSviarkieceivedteaniepandlhic thesetrosd. The
nozzle 90 Rioleetsradialiliom e Jopgiudiogl axda n sueh atie pezle
150 30definas a rotational ang[fe about the Fongl?u\glna\ &S L. Breterab y, the
11 rotdiiensgconglavirkineHgiosoddgrd €8, iamdrisiesislly Haeasrionadbgesd
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nozzle is substantially 360 degrees about the longitudinal axis L.
"Subst4AtUNg 68 aeirbdE0 s g Hesirierstanpietibriiadessecond
Srotatiapetiag digidyiagdadhe 3anger at3ohdoStihdduieestkis Poeferanie that

the posiion gie second member 102 can beadusted ity o e st

member , and IS IS achieved by varying enttow
shaft 1oavis ariatipuhseindtidrsectialoesber 102 parallel, and preferably
15 coaxial, with the longitudinal axis L.

With the shaft 124 inserted into the bore 118 of the first member 101, the
first and second discs 112,122 are brought into close proximity. With the
first and second discs 112,122 close to one another, their respective first
20 and second surfaces 140,142 define a transport fluid nozzle 150 having a
convergent-divergent inner geometry. By convergent-divergent geometry,
it is meant that the nozzle 150 has a nozzle inlet 151 and a nozzle outlet
155, and a throat portion 153 intermediate the nozzle inlet 151 and nozzle
outlet 155 which has a reduced cross-sectional area when compared with
25 that of the inlet 151 and outlet 155. When viewed from outside the
apparatus the nozzle outlet 155 forms a slot on the external surface of the
apparatus. The nozzle 150 is in fluid communication with the transport
fluid passage 128 to receive transport fluid therefrom. The nozzle 150
projects radially from the longitudinal axis L such that the nozzle 150

30 defines a rotational angle about the longitudinal axis L. Preferably, the



10118. This adjustment varies the distance between the first and second

surfaces 140,142 of the discs 112,122, and consequently the internal
gt 8 Me nozzle 150. The first and second surfaces 148 TABME/051040

include protrusions 141 extending from the respective surface and/or
indentations 143 in the respective surfact! 15 The method of operation of the
apparatus shown in Figure 1 will now be described. Initially, a working fluid -
preferably water - is supplied from a working fluid supply to the first and
second supply passages 130,134. The respective suﬁ[))lply passages 130,134

may r&BEUENRLARAS HURl 18R AP SREmE US4 RE SRt Ao Bties
can beabsettiierl eagiupass ages 1304 pitfersbpartate styjlies angjesefiply
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fluid pasebgjestiaty, 386 dgateronshinele b thulessipectivconenRingHLAd outlets
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cross-sectional area compared to their respective working fluid passages
132,136, there is a build up of pressure in the working fluid passages
132,136is Prigdestsis thaa ibsqmnitindritiagdtod beiamsappieddhroagh the
outlets 450 L1Q. RiRIE ARG RS IOIM" @Inin sheet afuserking. D 42 A
transporHFw - pre’fera%ly compressed air or nitrogen - IS suppliedto ?He
transpeatylogthassde tostionikeshadpoort fhirkaliyphsesied Wil therbpegss
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the convergent-divergent geometry created by the nozzle inlet 5151, throat

portiorPYEEERd Ho2 2o Yutierdisss Hidgntierged corseeeriititie WhttAdlauses
the tragepodifiuid thcacsetkyatsothmigiirdhertreaiobb3stefacesry400142 may
preferably.at et sanic. velogiy, AR e high. velooity ranspor fuid laws
from the'thro 4Y0Wards the “16"00ter 1 , [CaBmes INto Contact with the
streanikdeiatickind 4aih &xitirgphetivekingdtuid outlets 160,170. As the two
1Huids come into contact an energy transfer takes place between the two,
primarily as a result of mass and momentum transfer between the high

velocity\PaREHKE MlioPsr HeddREGeRAGN S Sldey WdriaHE L Adude

transfejcbeiveen imiednigh lixaamgetaid repteansnoytikiicr ansddopied from a

tempe\;vac;[}kri%é/v urlkré ;;Hiygtglﬁwoefﬁrrsrpgnd second supply passages 130,134. The
respective supply passages 130,134 may receive working fluid from the

20 same supply, or else separate supplies can be used for each passage
130,134. The separate supplies may supply different working fluids to the
supply passages 130,134. The working fluid will pass from the supply
passages 130,134 into the first and second working fluid passages
132,136, and from there to the respective working fluid outlets 160,170.

25 As the outlets 160,170 are preferably of a reduced cross-sectional area
compared to their respective working fluid passages 132,136, there is a
build up of pressure in the working fluid passages 132,136. This leads to
a stream of working fluid being supplied through the outlets 160,170,
preferably in the form of a thin sheet of working fluid.
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part of the energy transfer between the two fluids. This energy transfer
imparts a shearing force on the working fluid streams, Ieading?g the

atBMR4t 8P the working fluid streams. Atomisation is used Het&iR Y FaraH0

to the break up of the working fluid into small droplets. This 20atomisation
leads to the creation of a dispersed droplét-vapour flow regime spraying from
the apparatus 100 radially of the longitudinal axis L over a spray angle of
between 5 and 360 degrees about the longitudinal axis. A dispersed
droplet-vapour flow regime is used herein to describe a mist comprising a
disperSetPPRBSE BridorkiTEIRiY SOPRIESHPY ?B@éﬂﬂfﬁ%ﬂﬂ%‘dﬁﬁ&@i"bﬂg% of
transpiid thaicks Byt iy pg dbwgee s/ & qroitionss pb thiduivr stLaptl secondll then
members 101,102 and con ly the distan he surfaces
Py bkl b G R AR e
such tHHPHEh degyree virarihibiMeseof greWRIrkinp difd Rrihalsoisevalesd

gecordiBgndshi hs-AMisRLRR 9515 WorkingBUidusRrRieshUSIBeIBImETY
and secondary break-up mechanisms. Theﬂfnmaré mechanism is the high

shear Y9158 SApTER fePcHRTRBAKHY Ui BB HarBpue g, Wingh rordisa

ligamerys afighe freférdaly sustastesohid) e/ avadtty. These ligaments are
5stripped from the surface and atomised into droplets. Two secondary

break-up mechanisms further atomise the working fluid droplets produced by
the prifsailyedrighkvalpcith ése seebfidisjlonsdremiSmshiea b fodthewakedhe

1{Pree CRKRRY 2y theoraBanbadiliRiamirkine s ming lkakivg vislacliem of

the transport and working fluid streams, and the turbulent 10eddy break-up of

the woRGHERRAIMILYIRISHE Rt Bl AbS Wt ES Game HY arapriB6HAid
radiallgrasrtyyardsspétiekoptiedrsomie dhent tadlgsirflanlyisie ahasok divhess

the pratrysions 141 and/or.indentations 143 are pravided on one or both,of
the hral e Rg AL SRS i en e SR R s
has a raoyizly ddwropiesitywaskiad Sdidmeteesatdrenséenbetweemidia diglicrons.

13he nezzle oulRt 1R SHRMHRLLAHMISWEE SRS AEHMELAKAS NS PRBE RIS

100 and the mist sprayed from the apparatus may exit the apparatus at a

spray BAGIE" SR GRS EASERIT abYreBLNsHNR B otF I PRRIAV Epaiage
128. "pupsianiishy 360 degreen irboiekbe foREss@atdJoeniageass a

spray gp%els%g 'o'}% g Jvaor# |%go¥ll"}| SSg%ggg.dS\%%elgétion is used herein to

refer to the break up of the working fluid into small droplets. This

20 atomisation leads to the creation of a dispersed droplet-vapour flow
regime spraying from the apparatus 100 radially of the longitudinal axis L
over a spray angle of between 5 and 360 degrees about the longitudinal
axis. A dispersed droplet-vapour flow regime is used herein to describe a
mist comprising a dispersed phase of working fluid droplets in a

25 continuous vapour phase of transport fluid. By varying the relative
positions of the first and second members 101,102, and consequently the
distance between the surfaces 140,142, the acceleration and velocity of
the transport fluid can be controlled such that the degree of atomisation of
the working fluid can also be varied accordingly.
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The working fluid outlets 160,170 of the first embodiment of the present
25invention are shown in Figure 1 to both be angled to direct their res%ective

stPEAMEOF Rt king fluid downstream and away from the nozZi& Bt EE51HY

this manner, the streams will collide and disrupt one another. This disruption
of the working fluid streams augments and further improves the atomisation
of the working fluid caused by the transport fluid exiting the 30nozzle outlet
155. 14 Alternative arrangements of the working fluid outlets can also be
incorpgrated into the present invention to further improve atomisation

performan 8RB HreryRednaiiuEdiashiorh YSipD AP ENREY €8Hown 5in
Figures2candsis pecekally desigmaded 100e PhiensecondiemBodisdnrt isghimilar
in for nction first i but incl

ormaleaORe SBafel R ol AT SRS RA S hen forms

132',1 Bepeeoisiaivbebeigptaniva sy QT drRiMETalid daket lisoactiarand
guter wojitad fdich AlstASOb drPRoMISRNRb Arptier tHguiets i

continuous or discontinuous concentric annuli about the first and second
discs PI92k24P ReGhpRiRsHitieh BEIHEH NPt HitheroslRisgroduced
160a, biaapdraeydaisad-opteT mustets datind Ok @renirgdest éaadinghbtheir
respective streams of working fluid downstream away fram the nozzle
oter T o R e R R R L B OR RBE,
will coliRleciies distuptrenspanothdrvasingl fikisl streams, feosh theetotteleotitlets

1860, 1608 tfbsiAlARORR G Ah AR DS MG IUHNRS W ERYES the

disruption of the working fluid streams that augments and further improves
the atGRREAFHIPSFARRRI M AdIa WP FIRSIdPemRaZsoifrRigdres, a
third etmbabntemivoidiea apRamivse g enepadyressignddaedind/or indentations

143 are provided on one or both of the first and second surfaces 140,142.
The mist generated by the apparatus has a majority of droplets whose

15 diameters are between 1 and 10 microns.

The nozzle outlet 155 extends around the entire perimeter of the
apparatus 100 and the mist sprayed from the apparatus may exit the
apparatus at a spray angle of substantially 360 degrees about the

20 transport fluid passage 128. “Substantially 360 degrees” should be
understood to encompass a spray angle lying in the range of 355 to 360
degrees.

The working fluid outlets 160,170 of the first embodiment of the present
25 invention are shown in Figure 1 to both be angled to direct their respective
streams of working fluid downstream and away from the nozzle outlet 155.
In this manner, the streams will collide and disrupt one another. This
disruption of the working fluid streams augments and further improves the
atomisation of the working fluid caused by the transport fluid exiting the
30 nozzle outlet 155.



100", is shown which employs a further alternative arrangement of working
fluid outlets This third embodiment is effectively a combination of
cOMBAEE4Pom the first and second embodiments, combinihgTfE8451040
member 101" of the type used in the second embodiment with a second
member 102" of the type used in the firsflémbodiment. As a result, the first
working fluid passage 132" has inner and outer working fluid outlets
160a,160b as with the second embodiment, but the second working fluid
passage 136" located in the second member 102" has only a single
30working fluid outlet 170 as with the first embodiment. The working fluid 15
outIetsAlt@ﬂ‘eaﬁﬁ@brcﬁrtberﬁeeﬂmmmwdﬂdﬁgaﬂlddmumldag fisiol lmaitlet 170 of
the sego %QP%}%E” h %ﬁ%e TediT! ’%ﬁ%%”t&hf%'ﬁﬁ ”8 R TEmReLs %“Ch
W er. |

that they are prefera co centrlc one anot her wor s
workirReflgicredtet ﬁ%@%@ﬁ@%@@%@@tﬁ@hﬂh@ﬁ@@hé@b@t\bﬁeﬁéwwn

ghose pf i %Wrﬁm§§é$(e¥¥é‘ﬂg<5& E}!HE’(&P'%'@E‘P‘ LpQaRQR delathsiindhgis

axial transport fluid passage 12 his third embodiment, the working fluid

streant¥ el R R B 1PdBs AEb BBt 'Ei‘u‘rtéEﬁiP EERiaBSAIHED
one amthﬁetbetanﬁ@eimeaﬁe\ﬁmlﬂgﬂeefnétwmm&\/hma@mms each
workin id str urther nhance the 10atomisatio e working fluid
b SRR B A s e e e
apparé@@eat&ﬁcﬁng o0 igrensdrnflind ontieh 1I6@hdWbin THiginesreaddsteind

16enerally desigmates #ARk NS ARRAMIMG G ARSAIRNGTHAINA Gtk A
comprises a 159eneralli§glllndrlcal shaft 202 having a prlma%?p:assa e 204

defineBASRIATY S Tadddde 204 et dadrRifTahediy Bt HBRe"
shaft 2Q2ewed Eepratiphmdtththediongidutinalaxsis i auiineg GpparalugeDid
The S%aﬁé% has a fir t%nS .%06 anf SI% %I%nqdozos and tgedpazﬁ,g,a em
204 has an miet P10 and an outlet 212/t respec ve |rs seco

ends @ 2068208 wlahEdshaln 202, mapomothefsu'@pmﬁageth@madyawlﬂtshe
1§rst engsg08 e ail INRIBIRAG Siht SraroryR Sl 8dsalsndradsed inthe

outer surface of the shaft 202 adjacent the second end 208. Within the

groovéP1@iET Gealeia 4506- Fu%ﬁbselé'i@?ér BGPMELhalt sS AN TRE R ARGR!
portionuzhe miishoagiatis dmmmrwf ﬁm\/&ﬁ&@@ﬂmdmrem&ﬁa eadjaibhts

from the lo fn udlnal %6'5’5 flas% Rorft on %V%Zr (linefl S an %buttmentf ce
224 facmg owardRAR secon g and a’nozzle % f¥n|ng fA08%%
facingfuhy from the second end
20
In Figure 3, a third embodiment of the apparatus, generally designated
100", is shown which employs a further alternative arrangement of
working fluid outlets. This third embodiment is effectively a combination of
components from the first and second embodiments, combining a first
25 member 101” of the type used in the second embodiment with a second

member 102" of the type used in the first embodiment. As a result, the
first working fluid passage 132" has inner and outer working fluid outlets
160a,160b as with the second embodiment, but the second working fluid
passage 136" located in the second member 102” has only a single

30 working fluid outlet 170 as with the first embodiment. The working fluid



208. The outer surface of the flange portion 222 is provided with a

30threaded g‘ortion 216. The shaft 202 also includes a section 228 having 16
an héPeEYY4 tiameter compared to the remainder of the shaft @99 BF|§&/051040

increased diameter section 228 is located intermediate the first and second
ends 206,208 of the shaft 202. Defined wWithin the increased diameter section
228 are a number of secondary passages 230 which are 5substantially
parallel to the primary passage 204 and are equidistantly spaced about the
circumference of the shaft 202. The increased diameter section 228 has an

extern8r el @235 Rhiiih b GrIBREs P34, 238 Be WKL Wtdves

234,230 being dargitudinadiy ispate?! frpenposiianaiher tHdiergspoutec234,236
h ' ' - 8.240 . Af is defined
petmol b P B BB e e e 8 e

appar@ilis200re$s dhnavodesfyihevdlly tieisanrasisonae mvelt P50 itFlsemities
850 hag afEanEERCe e ofiFRanfRF&FPBuRIABRETYRliBRRIEIS 1883 h& 0D

aperture has a smaller diameter portion 256 adjacent the front face 252 and a
larger ARG Pyt iirbEansaRCaHIARETEa98 <P 250 iRt prapsedimrat
of the taegeodiameted pockonsis8iiaghireaded.oliieteetdFacks @A 10 therdisc
250 ha, irst annular. channel 260 extendi round the central rture, A
ot el [ e S
annulaviibaniirslRB0crcthedrbimofdois 262aThie ilasteigeshz2e2etie

16auidistaptly-sRRcSciRbAHIMG Hise 25RsHSh shasthex spBiRwnrthe central

aperture. Located in the annular channel 260 iS an annular insert 261 formed
from a material having good machining properties. In this preferred example,
the inserbaff isrbadienBeMidasist generating apparatus according to the

present invention is shown in Figures 4 and 5 and generally designated
200. The apparatus 200 has a longitudinal axis L and comprises a

15 generally cylindrical shaft 202 having a primary passage 204 defined
therein. The passage 204 extends longitudinally through the entire shaft
202 and is co-axial with the longitudinal axis L of the apparatus 200. The
shaft 202 has a first end 206 and a second end 208, and the passage 204
has an inlet 210 and an outlet 212 at the respective first and second ends

20 206,208 of the shaft 202. A portion of the passage 204 adjacent the first
end 206 has an inner thread 214. A groove 218 is also provided in the
outer surface of the shaft 202 adjacent the second end 208. Within the
groove 218 is located an O-ring seal 220.

25 The shaft 202 includes a flange portion 222 which adjoins the second end
208 and which projects radially from the longitudinal axis L. The flange
portion 222 defines an abutment face 224 facing towards the second end
208 and a nozzle gap defining face 226 facing away from the second end
208. The outer surface of the flange portion 222 is provided with a

30 threaded portion 216. The shaft 202 also includes a section 228 having



25The insert 261 is fixed in the channel 260 by a number of threaded fixtures
(not shown) which pass though holes provided in the disc 250 into threaded

hBYQszﬂq9fﬂ i%ert 261. When fixed in the channel 260, the inS&t/$818EHEY

a first working fluid outlet in the form of an annular working fluid nozzle 263
opening onto the rear face 254 of the dist8250. The 30nozzle 263 is in fluid
communication with the passages 262 such that fluid 17 communication is
possible between the front and rear faces 252,254 of the disc 250. Spaced
about the circumference of the disc 250 are a number of threaded

SadjudMEGT SRR R SEN. CURRAEG A hEeH SIaRIBHREAT WsethAt 252 idhe
threadedroezatediapatdiusietici682 ©isdoeack oficecm adizamalgafirsidjuster 266

¢
e ol o i £ e ek 252, Drh R IR e 1020
projectiaeRiciiReetian & A8A s elist SBNAaIDmasinacsidhvasbiet are
fxing appErRRASALRAIRLIREPHAREY DS A e232Q for drceiingstxing

means, as will be described in more detail below. The apparatus 200 also
comp%%&%méﬁ%@wﬁﬁeﬁ%wﬁtﬁ?ﬁ%ﬁ %9?0&@? fREEP 3T Hiaragier
inner f@@aiaﬁazﬁheguteema&haSeazwnumbrehoWa@ﬁuves 236, 2846 che

extend g)flh%éu%nall%thrgéjﬁtagég& ? nﬂanne recelv Pé%rgﬁ 278

therein hner ace ds an an |ch surrounds the
centrecnethingitidiosdeas Ef. 836 eaplerontaik@ ﬂ'@ﬁﬂ@dtwet@erln@éeﬁce

1874 is R anulal GEaQyR: e834 Wi sReAath AR RsHBESGahwdtd, and

also a number of cavities 286 20adapted to receive the heads of the nozzle

gap adeidiersZsediHe diagge portion 222.

The apparatus 200 also includes a generally circular disc member 250.
The disc 250 has a front face 252, a rear face 254, and a central aperture.

15 The aperture has a smaller diameter portion 256 adjacent the front face
252 and a larger diameter portion 258 adjacent the rear face 254. The
internal surface of the larger diameter portion 258 is threaded. The rear
face 254 of the disc 250 has a first annular channel 260 extending around
the central aperture. A plurality of small passages 262 extend through the

20 disc 250 from the annular channel 260 to the front face 252. The
passages 262 are equidistantly spaced about the disc 250 such that they
surround the central aperture. Located in the annular channel 260 is an
annular insert 261 formed from a material having good machining
properties. In this preferred example, the insert 261 is made from brass.

25 The insert 261 is fixed in the channel 260 by a number of threaded fixtures
(not shown) which pass though holes provided in the disc 250 into
threaded holes in the insert 261. When fixed in the channel 260, the insert
261 defines a first working fluid outlet in the form of an annular working
fluid nozzle 263 opening onto the rear face 254 of the disc 250. The

30 nozzle 263 is in fluid communication with the passages 262 such that fluid



250, as will be described below. The apparatus 200 also includes a ring
member 290 having a front face 292 and a rear face 294 and a central

apErtie €% Ending axially from the 25rear face 294 is an anAGiHCR39E831040
The lip 298 has an inner surface 300 which defines the central aperture, and
an outer surface 302. Formed in the front face 292 of the ring 290 is a second
annular channel 304 extending around the central aperture of the ring 290. A
plurality of small passages 306 extend through the ring 290 from the annular

channel 304 30to the rear face 294. The passages 306 are equidistantly
spaceloBBU S8 BT FRGSOU ER BRI oy QDAL thdace e apiarene

Locatetisin266.annular channel 304 is a second annular insert 308 which, as
with the first annular insert 261, is formed from a material having good
machining properties. In this preferred example, the insert 308 is made from

brass. $EfediahRY theagiraunieisace h e Wirss230Rex e ndmbpehebiiyraded
Fhreadad, fifidias:30RRasEOUgRARE AP ERIBRHIBHR HHRIRSHIN

the insert 308 to fix the insert 308 in position in the channel 304. Alternatively,

other ¥ GRESIREAR I8P RGBT M08NA BhSAfBINARARARSEYRIeT
place abthprtlserdeshiixieresrddacs\diaoiovatebirt® d0¢handepdiothe
insert 308 defines a second. waorking fluid qutlet in the form of an annular
workir G A T e e &) SRR
nozzleg3p@EustéurbeoiniegisideaonhwithanhiapadSdgeld3ndistieh@nat fluid

1GomrggigiﬁﬁépefiﬁwR%%%G'ﬁ%"é%%ﬂdtf&fé%'ét@r@da@?b?&ﬁ%%c?ﬁ?tﬁ%iQé‘i‘ﬁ)
ing for receiving fixing means, as will be described in more detail below.

The apparatus 200 also comprises a cap member 270. The cap 270 has
an outer face 272 and an inner face 274. The outer face 272 has a

15 number of apertures 276 which extend longitudinally through the cap 270
and which receive fixtures 278 therein. The inner face 274 has an annular
channel 280 which surrounds the centre and longitudinal axis L of the cap
270. Also formed in the inner face 274 is an annular groove 282, within
which is located an O-ring seal 284, and also a number of cavities 286

20 adapted to receive the heads of the nozzle gap adjusters 266 in the disc

250, as will be described below.

The apparatus 200 also includes a ring member 290 having a front face
292 and a rear face 294 and a central aperture. Extending axially from the
25 rear face 294 is an annular lip 298. The lip 298 has an inner surface 300
which defines the central aperture, and an outer surface 302. Formed in
the front face 292 of the ring 290 is a second annular channel 304
extending around the central aperture of the ring 290. A plurality of small
passages 306 extend through the ring 290 from the annular channel 304
30 to the rear face 294. The passages 306 are equidistantly spaced about



15 The penultimate component of the apparatus 200 is a cover member 320
having a first end 322 and a second end 324. The cover 320 is a generall
cifd %@é‘?%f’nber having a passage 326 extending Iongitudi’FﬁTi@’g’BZOOS/0 1040
therethrough. The passage 326 has a smaller diameter 20section 328
adjacent the first end 322 and a larger difneter section 330 adjacent the
second end 324. Between them, the smaller diameter section 328 and the
larger diameter section 330 of the passage 326 define an abutment face 332
facing in the direction of the second end 324. An annular groove 334 is
providBtF il ¥h& L EBAG BALEOY BHTRENGING FIH IhRSHHIEN dPBRtRf'R AP
336 isdacatadchapas GDHrEt aapp@pm&m&ﬂtwmwﬂedemmaﬂy
OPPOSHE ?él ff‘rPse‘ih%f qdja Sﬁlﬁé'aefr%ﬁ%t (%?’e%%u 408 §¥8c{ QerItigEuPPlY

passages 8 are su s’tan 1a perpendi Iar na axﬁs L and
allow mmp@timmdnﬁa&m%%mdaxﬁm@@%mﬁrﬂ@&%nmfm priess.
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passa%es 340 are 19 provided diametrically opposite one another adjacent

the secBFPERE B9UTE? ﬁf@&ﬂﬁ?rtﬁwgfhté‘%GBET%%%éQ&éE@AW%?Q%ﬂé&P'eS
substantindyirpenpeodicuti tietihe dargi thpalsitids inahd alb)mélmm
commynpicati n the exteri f the aver, 20 an lar e r
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1§52 ang\ shRABIRL A ArCHNE BbRRSS A% SaRSHIRRA § IRpgIBARaMhe

through the base 350 and is 10co-axial with the longitudinal axis L. Projecting

axially" RO PIR RORLRCY k& i arAs H e 8BARIa dhe dreat 4259 with

the pagsags BeairfoPo®d TRt BT R 35 AUR adranuragonavendba in

which p')s IOs(.'i\agteesd306 such that fluid communication is possible between the front

and rear faces 292,294 of the ring 290.

15
The penultimate component of the apparatus 200 is a cover member 320
having a first end 322 and a second end 324. The cover 320 is a
generally cylindrical member having a passage 326 extending
longitudinally therethrough. The passage 326 has a smaller diameter

20 section 328 adjacent the first end 322 and a larger diameter section 330

adjacent the second end 324. Between them, the smaller diameter
section 328 and the larger diameter section 330 of the passage 326 define
an abutment face 332 facing in the direction of the second end 324. An
annular groove 334 is provided in the second end 324 of the cover 320, in
25 which an O-ring seal 336 is located. A pair of first supply passages 338
are provided diametrically opposite one another adjacent the first end 322
of the cover 320. The supply passages 338 are substantially
perpendicular to the longitudinal axis L and allow fluid communication
between the exterior of the cover 320 and the smaller diameter section

30 328 of the passage 326. A pair of second supply passages 340 are



an 0-ring seal 355. The external surface 360 of the front lip 358 is threaded.

Projecting axially from the rear face 354 of the base 350, in the 150p§osite
difeL K #8m%he front lip 358, is a rear lip 362. The rear lip 3B2NSEFEE/051040

annular and co-axial with the passage 356. The manner in which the various
components of the apparatus 200 are ask&émbled will now be described. As
described above, the first annular 20insert 261 is fixed into the first annular
channel 260 in the disc member 250 by a number of fixtures (not shown).
Between them, the insert 261 and channel 260 define a first working fluid

outlet REXHE2ELPHLEHNAPRY P RIvh 2ENRS BN IR SEaRG Y it
the expbsedcsugad2of The kggply3els s josB40thréhalseau facendbiyof the
disc 250. igentical 25proc . I | t of the ring.member
260, WP R AR BT DTS S S
fixtureBB09bths axigemedheover wobkang thedasaget ivozeler SEOliar wth
tne firghriprer26dgdhergecond insert 308 is then machined so that the
exposed surface of the insert 308 is flush with the front face 292 of the ring
290. 20 Once the inserts 261,308 have been machined, the disc 250 is
threadeikdinal tenflangs pafrtfenzpda et ibessihatis202 dryibea 60 thehe base
respecijve.threaded partions 258 and 216 Q-0 ing with one an r. The
e M NG R e (bl
Sabutreeititdhpeszageod foechtangts purdiond iy Anbreobdheetise StHeandiig

15€al 220 sRsURhARCRIGHIGIRSIAREN teBQ EUNBRAR DT oW fh&

assembly of the disc 250 to the second end 208 of the shaft 202, the ring
membar 3508 aNaURidIRNGTRAPR Whish S0P iRl HENiHRE PGERRISOE Such

that thednned sutfrcefot tBeXing2 20 igaragaing BT exiennal Bubdase@32
of the shaft 202. T zring seal 240 ensures a sealing fit betw the ring
20 ol QNSO T i S0 IR BB o By PG Hanti

ering ifes Overthe ody un ace 292
comeshreedgshtdtioieittinhexially kogathadpmtérs28pmbibethagérohV e thear

1kace 2g4kihefliseidrrdANER front lip 358, is a rear lip 362. The rear lip 362

is also annular and co-axial with the passage 356.

The manner in which the various components of the apparatus 200 are
assembled will now be described. As described above, the first annular

20 insert 261 is fixed into the first annular channel 260 in the disc member
250 by a number of fixtures (not shown). Between them, the insert 261
and channel 260 define a first working fluid outlet nozzle 263. Once fixed
in position, the insert 261 is machined so that the exposed surface of the
insert 261 is flush with the rear face 254 of the disc 250. An identical

25 procedure takes place in respect of the ring member 290, wherein the
second insert 308 is fixed in the second channel 304 by fixtures 309 so as
to define a second working fluid outlet nozzle 310. As with the first insert
261, the second insert 308 is then machined so that the exposed surface
of the insert 308 is flush with the front face 292 of the ring 290.

30



15contact is made with the nozzle gap adjusters 266, the front face 292 of
the ring 290 and the rear face 254 of the disc 250 provide first and second
opPb&hY 4lataces which define a transport fluid nozzle 370 bERVEST¥HERT 040
The thickness of both the disc 250 and ring 290 reduces in the radial
direction. As a result, the nozzle 370 has’fl diverging profile, where 20the
cross sectional area of the nozzle 370 is greater at any point radially outward
of the inserts 261,308 than at any point radially inward of the inserts 261,308
up to and including the nozzle throat. The nozzle 370 projects radially from

the lorfgfteRIfEaRRE 8F P aaRACANAGERIRSs Wrdtiatorll Sigreatisti
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263,310 of the disc 250 and 21 the ring 290 open into the transport fluid

nozzle> 87 0PAB T ORINRR 8 IR B\ PEINFFS THE 1 BYIEOFHRPRIBISONCe the ring
290 is in contact with the nozzle gap adjusters 266, the 5cover 320 can be
slid o he.shaft 202 behind. the rin The caover 320 sli onip th
hatt 200 R ORI LR 200 R SR B 968 Bl B
surfac@(dr teringemmeinberfaee tsfhe adety g thdinbaflbyOh&emiefirst
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202 until the abutment face 332 of the cover abuts 10the rear of the lip 298
extendinG realRvARSHoh M An2660At tHeAriB%iRc8! 1t SESoFePehd 324
of the seamigBRbatuisitag eiagface 204 afdhe0mg Ry 2eIBIHES Resition,
the 0-ring,seals 238, 336 ensure a.sealing fit between th ver 320 and the
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into the inlet 210 of the passage 204, whereupon the external thread 360 of

the froWﬂi'b”@S%gecﬁ-Bﬂg?ﬁté‘? aqq@%@é,tﬁ&diso 250 provide first and second

opposing surfaces which define a transport fluid nozzle 370 between
them. The thickness of both the disc 250 and ring 290 reduces in the

radial direction. As a result, the nozzle 370 has a diverging profile, where

20 the cross sectional area of the nozzle 370 is greater at any point radially
outward of the inserts 261,308 than at any point radially inward of the
inserts 261,308 up to and including the nozzle throat. The nozzle 370
projects radially from the longitudinal axis L of the apparatus and defines a
rotational angle about the longitudinal axis L. The nozzle 370 preferably

25 extends about the entire circumference of the apparatus 200, so as to
define a rotational angle of substantially 360 degrees about the
longitudinal axis L. “Substantially 360 degrees” should be understood to
encompass a rotational angle lying in the range of 355 to 360 degrees.

The respective annular working fluid nozzles 263,310 of the disc 250 and



20thread 214 in the first end 206 of the shaft 202. The base 350 can then be

screwed onto the first end 206 of the shaft 202. Once the base 350 is
s B npletely, its front face 352 abuts the first end 382 BFHEEGVER?

320. This in turn axially locates the cover 320 against the ring 290, such that
the base 350, cover 320, and ring 290 ardl all secured against 250ne another.
The shaft 202 is also secured to the base 350 by the threaded co-operation
between the lip 358 and the first end 206 of the shaft 202. The shaft 202
therefore cannot move axially relative to the base 350, cover 320 or ring‘ 290.
The 0ifd'884%ePendlinds LanrgfifHistneerarid b aearentraihtia'tover
320. Zeayhéongziterdelis ghpesked using pin gauges or similar measuring
instruments to determine whether it has suitable dimensions. These
dimensions may provide a preferred area ratio between the nozzle throat and

the no@27lecdiigeind? 8bheimendaeh avithtib ® eersleroivastivsersefiol area
of the pozzless the YuaieHtdNRC s SoctivnRharea ahihedmwzzialihg

nozzle throat - of between 1:1 and 15:1. Most preferably, the area ratio is

betwedAO 919000 818 $hrll qRewiB e mxiena] siRevateatiroalt 202
preferabtinbeiveenidel sand : Gdintesinasgerl thatatwdiohthedihsoano dbfised
area ratiqs will vide the nozzle wi n.dPequivalent le-of expansi
ool B R R R o RSN e B kel o0 B Sy
Most slisfesatsiio the slhpihvalieniriiife ebeipanisiaceiSbenidencbreichbgts
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expansion y for the nozzle 370 can be calculated when the cross sectional
areas BithdtRRRACAHFEHRA* ShdhecrsEGar aRHE JasT eRacee2Ba1AIdBR
the thnaag 2ed. ootetanetkis asitith jsHb©radiscaialds;edtwing i e saniag

cross sectienal arga as the.npzzl Eﬁé%%aﬁ%d% tgﬁ&ﬁﬁéuaso%‘éé‘ﬁbca'aené’ Y9
the same €ross sectional aréa as the'nozzle outlet. Theé distance d’is the
equivaiegt4sirhresprioelyetween

15
In order to secure all the components in place, the base member 350 is
then introduced onto the rear of the shaft 202. The front lip 358 of the
base 350 is introduced into the inlet 210 of the passage 204, whereupon
the external thread 360 of the front lip 358 co-operates with the internal

20 thread 214 in the first end 206 of the shaft 202. The base 350 can then be
screwed onto the first end 206 of the shaft 202. Once the base 350 is
screwed in completely, its front face 352 abuts the first end 322 of the
cover 320. This in turn axially locates the cover 320 against the ring 290,
such that the base 350, cover 320, and ring 290 are all secured against

25 one another. The shaft 202 is also secured to the base 350 by the
threaded co-operation between the lip 358 and the first end 206 of the
shaft 202. The shaft 202 therefore cannot move axially relative to the
base 350, cover 320 or ring 290. The O-ring seal 355 ensures a sealing fit
between the base 350 and the cover 320.

30



the throat and the outlet. An angle 13 is calculated by drawing a line
20throu h the top of E2 and El which intersects a continuation of the

Htfdtance line d. This angle 13 can either be measured FBHSeii

drawmg or else calculated from trigonometry using the radii EI ,E2 and the
distance d. The equivalent angle of expa#sion y for the nozzle 370 can then
be calculated by multiplying the angle 13 by a factor of two, 25where y=213.
If the current dimensions are not suitable, the base 350 can be loosened and
the nozzle gap C%usters 266 adjusted using an adjustment tool in order to

ensurd 150878t HiFHEEKEDESING Y% 2RAUSPS. %ﬁ'&é'ébﬁlﬁiﬂ%?ﬁ'%t has
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components are secured together, a number of chambers and openings are
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projecting lip 298 of the ring 290, and the abutment face 332 and Iinner

surfacB Wﬁ?é‘l%@é‘(‘&éﬂﬁ?@?%%%th?%@?f SfeiaPthdioear vl RELE @nd

workingkfleitsichasbena qammuBidateseyitiFhei 6f sheveesonshsatlyy
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exten rouaH Yﬁe r|n fifst Bnnular ransporF Tuid CHAMBEr 400 is
def|nedﬁb;uta@d)Mtbelsmmewas)ee@lﬂerﬂiaﬂempftﬂr@ iimeatsanfoeetief.thed the

15malles JiRmeiR 3R iM3%8 BEtween the throat and outlet are known. E1 is

the radius of a circle having the same cross sectional area as the nozzle
throat. E2 is the radius of a circle having the same cross sectional area as
the nozzle outlet. The distance d is the equivalent path distance between
the throat and the outlet. An angle B is calculated by drawing a line

20 through the top of E2 and E1 which intersects a continuation of the
equivalent distance line d. This angle 3 can either be measured from a
scale drawing or else calculated from trigonometry using the radii E1,E2
and the distance d. The equivalent angle of expansion y for the nozzle
370 can then be calculated by multiplying the angle 3 by a factor of two,
25 where y=2f.

If the current dimensions are not suitable, the base 350 can be loosened
and the nozzle gap adjusters 266 adjusted using an adjustment tool in
order to ensure the correct dimensions of the nozzle 370. Once

30 adjustment has been completed, the cap 270 can be fixed to the front face



the passage 326 in the cover 320, and the front face 352 of the base 350.
The transport fluid chamber 400 communicates with both of the first supply
p%%éﬁ@gp@é@in the cover 320 and each of the secondary pa%gyéfé‘gofg 1040
extending longitudinally through the shaft 202. With the various
25components in position, the free spac&€342 forms part of a second annular
transport fluid chamber 410 defined by the flange 222 and larger diameter
section 228 of the shaft 202 and the inner surface 300 of the rearward
projectin ”Fé298 of the ring 290. The second transport fluid chamber 410

commanfcatd8iifceath TR RUIAIANPHIERGES DIETRIRESN B 24
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gonnected to the inlet of the passage 356 in the base 350. The working fluid
is preferably water, and is preferably supplied at a pressure in the range

0.5- 124 e REPKH GHURP PRI ST He Y8 h e 858 RS the

passagBaZﬁbleﬁe_f thel bpshafy207e Eeﬁﬁeﬂlbémm Wk’m@ﬂuid@qﬁsms. A
passage 204 via the&utleh I%sz ﬁnd enrt% the f'E:t %rkltré% ﬂlﬁ'rgufha ber
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the 15n0zzle 263 has a smaller cross sectional area than that of the passage

immedd8iSHOGARaNY 6AHEN B8 RMYRPAS AR AR2 e DGR Y RYEN the
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340. The second working fluid is also preferably water and preferabl

suppli@&tatoc{ %gge@%@%ﬂ@gages 340 in'the cover 320 and each of the
small passages 306 extending through the ring 290.

A first annular transport fluid chamber 400 is defined by the outer surface

20 of the shaft 202, the inner surface of the smaller diameter section 328 of
the passage 326 in the cover 320, and the front face 352 of the base 350.
The transport fluid chamber 400 communicates with both of the first supply
passages 338 in the cover 320 and each of the secondary passages 230
extending longitudinally through the shaft 202. With the various

25 components in position, the free space 242 forms part of a second annular
transport fluid chamber 410 defined by the flange 222 and larger diameter
section 228 of the shaft 202 and the inner surface 300 of the rearward
projecting lip 298 of the ring 290. The second transport fluid chamber 410

communicates with each of the secondary passages 230 in the shaft 202



250.5-12 bar. Consequently, the second working fluid supply flows into the

second working fluid chamber 390 via the second supply passa%[es 340.
FIOIHEREENd working fluid chamber 390, the working fluid H&&§gEg08/051040

through each of the small passages 306 in the ring 290. The second insert
308 and second channel 304 define the 8&cond working fluid nozzle 30310
which receives working fluid from the small passages 306. As with 25 the
first insert 261, the second insert 308 is shaped so that the second working
fluid nozzle 310 has a smaller cross sectional_area than that of the passage

immefAERFTRTR AMFEE NS 6221893707 2AR 3 Pedein s ARG i fisc 290

passingnthtoeigindtEweecond working fluid nozzle 310 is accelerated to 5 form
a thin sheet of working fluid which enters the transport fluid nozzle 370
substantially opposite the working fluid exiting the first working fluid nozzle
263. ABhgefirdieina westnde apphestes afchariguithceereditnenioparates will

300, 105@ Heer acavrRYWRhiIeeqRH: Tuid dh anspRtdud syuaRly, Brifarably
a pressurised gas supplied at a pressure in the range 3-15 bar, is connected
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the firshty paspaglBse chiralbasd A30Frohe therkint paisiseptbrotighyaesieof
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immediately downstream thereof, as defined between the disc 250 and the
fing 2%“&%’%&%%8&%%@1& WS s atBRUSAR tH payReking
directigoidiaeares ithe wokimfauin ceaphitee 3gpaaths, Sisalr passseeiioped aren

e LR R T o R e
channel 260 and the insert 261. The insert 261 is shaped so that the

15 nozzle 263 has a smaller cross sectional area than that of the passage
immediately upstream of the nozzle 263. As a result, the working fluid
passing through the nozzle is accelerated as it exits the first working fluid
nozzle 263 into the transport fluid nozzle 370, creating a thin ring of
working fluid exiting the nozzle 263.

20
At the same time as the first working fluid supply is connected to the
passage 356 of the base 350, a second pressurised working fluid supply is
connected to the second supply passages 340. The second working fluid
is also preferably water and preferably supplied at a pressure in the range

25 0.5-12 bar. Consequently, the second working fluid supply flows into the
second working fluid chamber 390 via the second supply passages 340.
From the second working fluid chamber 390, the working fluid passes
through each of the small passages 306 in the ring 290. The second
insert 308 and second channel 304 define the second working fluid nozzle

30 310 which receives working fluid from the small passages 306. As with



25inlet provided by the second transport fluid chamber 410. As the transport
fluid passes from the second transport fluid chamber 410 into the nozzle 370,

the Q28UE¥Y?¢foss sectional area of the nozzle throat causes Hie FAALHER1040

fluid to undergo a significant acceleration. This acceleration causes the
velocity of the transport fluid to significardfy increase, 30preferably to at least
sonic velocity and most preferably to a supersonic 26 velocity depending on
the parameters of the transport fluid supplied to the apparatus. The high
velocity transport fluid then comes into contact with the twin supplies of

working SIUNG XRFGARE e SHraLbivg woKM §RAT R 18 BEFTYS The
apparatus(isg_aﬂqferrabﬁylemﬁghlaedasmhilﬁrat_trﬁme mnﬂi«mglfhrkehtmﬂmt fitide
mass flow LAllo, 15 4 iA{éPtL‘ﬁétW%fn‘%%ff%%r A%‘%ﬁ% §% NUED é’%%%ﬂgtﬁg%&mg
mass Is supplied to the noz e{ﬁan transport fluid. As with the other
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momentum transfer between the high velocity transport fluid and the
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force oihe ®esking fluid streams, leading to the atomisation of the working
fluid streams. This atomisation leads to the formation of a 15mist of dispersed
working fluid droplets in a continuous vapour phase spraying from the

appardtssh20ishaaialiyesbisesiapigllesoahaleikisd N eatestagorrnapity a0gle
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degrees. As the cross sectional area of the nozzle 370 steadily increases
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fluid dropletls acerlgrate aspiheynpassesl088. ity nezale gap rEne Rire it of
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200. T%isetﬁlsver%ence o the mist ropré Sfurther IMProves thepmlsfagenerua%on

as it agesahténmeisrfogsa?itDdodhssshait d0thbafrp lexpandingrigee theplets
18 theydeang #Rsport fluid chamber 410 acting as the transport fluid nozzle

inlet.

As can be clearly seen in Figure 4, the cross sectional area of the second
transport fluid chamber 410 is significantly greater than that of the nozzle

20 370 immediately downstream thereof, as defined between the disc 250
and the ring 290. As described above, as the nozzle 370 extends in the
radial direction towards the circumference of the apparatus, its cross
sectional area increases again. As a result, a throat section of reduced
cross sectional area is present in the nozzle 370 downstream of the nozzle

25 inlet provided by the second transport fluid chamber 410. As the transport
fluid passes from the second transport fluid chamber 410 into the nozzle
370, the reduced cross sectional area of the nozzle throat causes the
transport fluid to undergo a significant acceleration. This acceleration
causes the velocity of the transport fluid to significantly increase,

30 preferably to at least sonic velocity and most preferably to a supersonic



25apparatus. Adjusting the nozzle gap adjusters 266 varies the relative
positions of the disc 250 and the ring 290 and consequently the dimensions

ofYREWHAYBSM fluid nozzle 370 defined between them. AdjustmefBatiiE 1040

nozzle dimensions in this way can vary the velocity and/or flow rate of the
transport fluid passing through the nozzIé®370. 30Hence the degree of
atomisation of the working fluid caused by the shear 27 forces from the
transport fluid injection can also be varied as this shear force will change as a
result of changes to the velocity and/or flow rate of the transport fluid through

the no¥1RCHY§BPRE DAL RS URTRIEH GG BFHRRIUE A IAGERRYR DO e
a mistappacaiking Thdtdgoplekscityalrisgene fatieid intbenaderingation adtthih

working fluid by a transport fluid and, t r e ar oyer,a
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the prés@atanéntidtis more efficient at filling a closed 10volume with such a
Bist than existing mist generating apparatus, whether of the twin fluid type or
not. Thanks to the atomisation mechanism employed and the arrangement of

the no2PRABRIEAS & RyeiesrRlY SogioumsLe¥e8 IBRGISIVKREdBIdhe
apparataisspbe floesenisavientieniovid 4se lesstioéthetansnortiaed worki
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fluids than existing apparatus which employ single direction nozzles. By way
of exaMpRs, A EEOsORBMAY FRP IRy %%i%%@ﬁﬂ&'ﬂ%t%[ﬂ%@?ﬂ%@mem

of the apg@ratisatively low velocity working fluid. This energy transfer imparts a

shearing force on the working fluid streams, leading to the atomisation of
the working fluid streams. This atomisation leads to the formation of a

15 mist of dispersed working fluid droplets in a continuous vapour phase
spraying from the apparatus 200 radially of the longitudinal axis L over a
rotational spray angle relative to the axis L. The rotational spray angle
may be between 5 and 360 degrees. As the cross sectional area of the
nozzle 370 steadily increases downstream of the nozzle throat, the

20 transport fluid and atomised working fluid droplets accelerate as they pass
along the nozzle gap. The stream of mist droplets exiting the nozzle 370
also diverges as it leaves the apparatus 200. This divergence of the mist
droplets further improves the mist generation as it avoids the impinging
and coalescing of the droplets into larger droplets as they leave the

25 apparatus. Adjusting the nozzle gap adjusters 266 varies the relative
positions of the disc 250 and the ring 290 and consequently the
dimensions of the transport fluid nozzle 370 defined between them.
Adjustment of the nozzle dimensions in this way can vary the velocity
and/or flow rate of the transport fluid passing through the nozzle 370.

30 Hence the degree of atomisation of the working fluid caused by the shear



of the present invention was found to fill a volume of 280 cu m with mist to a
virtually dense condition in between 30 seconds and 1 minute. The test used

the QIRINY Hlid-transport fluid mass flow ratio of 4:1 as descrbEGBHEVE 198

As briefly discussed above, the increase in cross sectional area downstream
of the transport fluid nozzle throat offers #fproved atomisation. The transport
fluid flow exiting the nozzle gap diverges, thereby reducing the likelihood of
droplets impinging on one another and 28 coalescing back into larger
droplets, and thus ensuring that for the most part the atomised droplets

remaifCEERRIRE FRdEMAEhEAEL HefLfRtPERbSdTRISH andthsiear
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improves ccuracy relative axial and concentric positioning of the
components. This ensures consistency of fit, particularly with reference to the
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material as having good machining properties is intended to describe a .
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location of the working fluid nozzles is intermediate the transport fluid nozzle

throat ¥l Bt THItH¥Ra ALl airethBRkHOWRR St THE B ARG MG HB 2 2les
may alsahieylecaiatlthpsiremgenidheoidzzledhneat define a rotational angle

about the longitudinal axis of the apparatus, the present invention will use
less of the transport and working fluids to fill a given volume with mist. As

15 the apparatus can produce a spray of mist over a rotational angle
anywhere between 5 and 360 degrees, the present invention can spray
the mist in all directions at the same time. Thus, the volume will be filled
with mist more quickly and using less of the fluids than existing apparatus
which employ single direction nozzles. By way of example, a test

20 conducted by the applicant using the fourth embodiment of the apparatus
of the present invention was found to fill a volume of 280 cu m with mist to
a virtually dense condition in between 30 seconds and 1 minute. The test
used the working fluid-transport fluid mass flow ratio of 4:1 as described
above.

25
As briefly discussed above, the increase in cross sectional area
downstream of the transport fluid nozzle throat offers improved
atomisation. The transport fluid flow exiting the nozzle gap diverges,

thereby reducing the likelihood of droplets impinging on one another and



or at the throat itself. Positioning the working fluid nozzles opposite one
another in the nozzle gap leads to the working fluid sprays impinging on
2B0h W BIREr as they enter the nozzle gap. This further impl%ﬁg Y8/051040
atomisation mechanisms of the invention, but is not essential. ~ Whilst the
illustrated fourth embodiment has first ar® second working fluid nozzles and
associated supply passages, working fluid may also only be 30provided
through one of the first and second working fluid nozzles. In 29 such a case,
the unused nozzle and passages can be left empty, or else the a%

aratus
can b SYEP R BACHIV AR TR ARG PSP PARE BRISOB g st
nozzlepafitiie appaistdsiod prespraseint saypantien is defined between two
opposing surfaces, the nozzle outlet is formed as a slot. Consequently, the
mist leaves the nozzle outlet in a generally flat, or planar, spray pattern. As

the noZbke csudie e dbie fardbsstmBRsndRRdtiEY thethed A& apseattind
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geometry when viewed in plan. In other words, the nozzle defines a rotational

angle 8B5UTHIBIIRGIFAMPANERS &t the ZFPaRlaessRetRRAY S IqHicyss the
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the dimensions of the transport fluid passages and chambers.

10
Referring to a material as having good machining properties is intended to
describe a material, such as brass, which can be easily machined without
creating burrs on the edges of the material. This is important in the case
of the first and second inserts as it ensures that the insert can be

15 machined flush with the respective disc or ring without any burring
problems which could partially or fully block the working fluid nozzles
defined by the inserts. The inserts of the present invention maintain a

clean edge when machined.

20 The preferred location of the working fluid nozzles is intermediate the
transport fluid nozzle throat and outlet in the radial direction. However, the
working fluid nozzles may also be located upstream of the nozzle throat,
or at the throat itself. Positioning the working fluid nozzles opposite one
another in the nozzle gap leads to the working fluid sprays impinging on

25 one another as they enter the nozzle gap. This further improves the

atomisation mechanisms of the invention, but is not essential.

Whilst the illustrated fourth embodiment has first and second working fluid
nozzles and associated supply passages, working fluid may also only be

30 provided through one of the first and second working fluid nozzles. In



15between Sand 360 degrees and a fan-like shape as it leaves the
apparatus. Once out of the nozzle outlet, the spray pattern loses itsglanar,

N GRE AN Ys the mist droplets now diverge in all directionst4s & P40

the turbulence generated by the transport fluid. By ensuring that the spray
diverges even before it leaves the nozzl@9utlet, this ensures 20that the
droplets of the mist diverge from one another, and do not coalesce into larger
droplets. Consequently, the majority of the droplets spraying from the
apparatus have a diameter of between 1 and 10 microns. The first and
second Ui FaEBESVHIBH BEFTR TREARARP BRTRABSS AL 61 S5 SRPH thesIse
aforenientippechasbadibteais sz tooleche theher osdisidastandioe iackentations
providggsiga he first embodiment shown in Figure 1 to further enhance the

turbulence eﬁie transport fluid atomises the working fluid. 30 Whilst the

illustrated embodiments of the present invention all employ a second working
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should be understood that the apparatus may also operate successfully with
only oFEAORGTY ATt 758Saly AoFdn it tREERS Avadlal A fifth

embodimessopicitte sipparast &2 160 thbownzie biglatar/ sshemes sllyclagror
arrangement o 101s siapodiment, auansport id nozzle 1150 s dsline
betweggn ﬂﬁe’ f?rpst grﬁ? secdn/gnouter suﬂaces ?llfbsflfégo{ ﬁrsfc' an8 second
memberealthen oo zttsnibieat anehis %ﬁdﬁkd@w&wﬁﬁh%ﬁtqn%isc 1122
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surface 1142 on the disc 1122 still helps to define the transport tluid nozzle,

but noSWSHKMY FRiid R "RAA RS RS e eHeBALLRRIRBRY Ul 102 |eReitkHgHuid
is only=sigpplitd Hppnthe workinigvuidPassage tidrand Dhidehd ik, ioto the

e B Bt M o
is atortliseapathtus. In other words, the spray also has a spray angle of
15 between 5 and 360 degrees and a fan-like shape as it leaves the
apparatus. Once out of the nozzle outlet, the spray pattern loses its
planar, fan-like form as the mist droplets now diverge in all directions as a
result of the turbulence generated by the transport fluid. By ensuring that
the spray diverges even before it leaves the nozzle outlet, this ensures
20 that the droplets of the mist diverge from one another, and do not coalesce
into larger droplets. Consequently, the majority of the droplets spraying

from the apparatus have a diameter of between 1 and 10 microns.

The first and second surfaces which define the transport fluid nozzle of

25 any of the aforementioned embodiments can include the protrusions
and/or indentations provided in the first embodiment shown in Figure 1 to
further enhance the turbulence as the transport fluid atomises the working
fluid.



same as in the preceding embodiments. Some of the transport fluid nozzles
are described in the embodiments above as preferably projectgﬁ radiall

fr&R HEAYtudinal axis of the 20apparatus to define a spray @HGR* 4010+

the axis of substantially 360 degrees. However, it should be appreciated that
the transport fluid nozzles may be adaptéf to define any spray angle over 5
degrees about the longitudinal axis, and preferably any spray angle over 90
degrees about the longitudinal axis. 25 Furthermore, the transport fluid
nozzle may extend discontinuously around the perimeter of the apparatus,

either BIRPLIPBHURIGIeHE PRIRTIBtEN S AhE @ REPESIL IME TP BRIy,
the appecatuswoerepinjatisasaquiurality seicoodzie dirite 8.3 bdtke(p) umetiy of
first e i | g ation with & <male first
workim o G e e T e
may e8RRrbie ipURGRPSbIMNWiII iy Aneitheikieg fhit\ra S¥Ro © ftfe il ealimytios

Hrst warkingdinisoutieribe i BaitsOhseqand Wy ingud pH e i gk

each in fluid communication with a single second working fluid passage.
AlterntRRAYSSHIH P BREERBIRT WdRIRG ATIBGUESAG S FRAFRAEAUSE in
fluid coounlgnidatids sdfimedrbspestiveherfepfahe qHusality vlseceiadesorking

Lofiuicquets, Tne parkine i 9 etz mayhe prayidediiin drectignal
working fluid nozzles which can be aajus e %o vary the ang\jlile &t which the
workingdhiftdteszimdiment therdiskel fidh epdrsifiaid! 12h\afinst seeandrsporber

1fuid nqzgle Qulelis PTRIeERRYNEAIBH LR A RRIMG 8SAR A IBL AP FYDs

angle of 360 degrees about the longitudinal axis of the apparatus, it may be

desiraBlESBTdOR SarteRRe BoriBneds (it Re ¥R faiddp SHerlierh B Yiller
membiis skesrexampipeifloocating akityrisicneratig pipafaiustiof therking
prese’?ﬁuii%";?é‘s“s%%énf Caor{cri] %ruﬂfafa 1r‘Pémhto the transport fluid nozzle 1150,
and transport fluid is supplied to the nozzle 1150 via the transport fluid
15 passage 1128. The manner in which the working fluid is atomised is the

same as in the preceding embodiments.

Some of the transport fluid nozzles are described in the embodiments
above as preferably projecting radially from the longitudinal axis of the

20 apparatus to define a spray angle about the axis of substantially 360
degrees. However, it should be appreciated that the transport fluid
nozzles may be adapted to define any spray angle over 5 degrees about
the longitudinal axis, and preferably any spray angle over 90 degrees
about the longitudinal axis.

25
Furthermore, the transport fluid nozzle may extend discontinuously around
the perimeter of the apparatus, either over a portion of the perimeter or the
entire perimeter. Consequently, the apparatus may comprise a plurality of
nozzle outlets.

30



filler members may be inserted between the first and second surfaces to
block portions of the transport fluid nozzle outlet. This ensures that all of the

mYsP ‘& EPR7AY out into the room and none of the mist is wasted (55PRYFE 1040

sprayed directly into the corner. The filler members may be shims 25inserted
into the nozzle at the desired position. TR& apparatus and method of the
present invention may be incorporated into a respective system and method
for preventing, controlling, or extinguishing a fire in a space. In such a case,
the warking fluid may be 30water or an alternative fire retardant fluid. 32 In

the forEGoRIY R BHIKE MG fFAN<Pite AR L ShefbraBl LBHiRl88sed
air or _mtm@wngiewmwmk'sigdmw bﬂsuamst@w_rtbm@mer flu idﬂt;mf_yﬁﬁ
used inaigath Fil SXATIIS. Steom.or arhon diexide Sonld e Wi in place
of air or nitrogen. The prg erred supply pressure ranges of the wor Ing fluid
and trapsprRitYrRiRN s el Rlgreisyefesterprsiagsiidhordttisnetween the two,
gescribed with respect to the operation of the fourth embodiment of the
present 10invention may equally be applied to the other embodiments of the
inventiDAP L Ibe 8l e SR PHREkD A AHID PSSR E268rHR BWd improvements
can beonagdemdthiout wigparting & certiel scopimgfilie paesage inxkatienivey
CLA”\%Sf)Iurality of second working fluid passages may each be in fluid
communication with a respective one of the plurality of second working

10 fluid outlets.

The working fluid outlets may be provided with directional working fluid
nozzles which can be adjusted to vary the angle at which the working fluid
stream encounters the transport fluid.

15
Whilst the transport fluid nozzle outlet is preferably continuous and
produces a rotational spray angle of 360 degrees about the longitudinal
axis of the apparatus, it may be desirable to block selective portions of the
nozzle by way of one or more filler members. For example, if locating a

20 mist generating apparatus of the present invention in the corner of a room,
filler members may be inserted between the first and second surfaces to
block portions of the transport fluid nozzle outlet. This ensures that all of
the mist is sprayed out into the room and none of the mist is wasted by
being sprayed directly into the corner. The filler members may be shims

25 inserted into the nozzle at the desired position.

The apparatus and method of the present invention may be incorporated
into a respective system and method for preventing, controlling, or
extinguishing a fire in a space. In such a case, the working fluid may be

30 water or an alternative fire retardant fluid.



1. A mist generating apparatus having a longitudinal axis and comprising:
5first and second opposing surfaces which define a transport fluid nozzle
theRHENEY A and  a working fluid passage having an inlt cCBRFEUEME S
a supply of working fluid, and an outlet on one of the first and second
surfaces, the outlet communicating with 8% transport fluid nozzle; 10wherein
the transport fluid nozzle has a nozzle inlet connectable to a supply of
transport fluid, a nozzle outlet, and a throat portion intermediate the nozzle
inlet and nozzle outlet, wherein the nozzle throat has a cross sectional area
which is less than that of either the nozzle inlet or the nozzle outlet; and
15whéereiheierdécgoisg ermbomeziletisarectpradially rerd Herehegitidinal
axis 5%8%}?%&%%% g Zozrlﬁ*ﬂ‘gﬁnﬁs ﬁ&}ﬁ {i9nal 31918 ARG GS Q?gﬁk%gmﬁﬁler
ea ara Us of Clam 1 er’comprising a transpor

20pasﬁa@é mfﬂutw mﬂnusﬁ@aﬁoﬁwmﬁmmﬁmﬁ ﬂunﬁmmzcéqmée aadld

sonnegtable withiesypRRiaRgRert fluid, wherein the transport fluid
passage is parallel with the longitudinal axis. 3. The apparatus of Claim 2,

wherein the transport fluid passage is 25coaxial with the longitudinal axis. 4.
The am@ratu&ﬂ{earguWacﬁemc@iang&h@f&heth@nkmfmwiﬁm&msport

rotatiopal angle qf ¢ 55! I SR ARSI ALLINRL S dBderibed
with respect to the operation of the fourth embodiment of the present
10 invention may equally be applied to the other embodiments of the

invention described herein.

These and other modifications and improvements can be made without

departing from the scope of the present invention.



5. The apparatus of any preceding claim, wherein the nozzle defines a

rotational angle of 360 degrees about the longitudinal axis. 6. The apg)aratus
ofdhyPree¥dihg claim, wherein the nozzle outlet 5defines a bT/HiBIA'8/051040

external surface of the apparatus. 7. The apparatus of any preceding claim,
wherein the nozzle outlet is continuous atdund a portion of the perimeter of
the apparatus covered by the rotational angle. 10 8. The apparatus of Claim
7, further comprising one or more filler members which may be inserted into
the nozzle outlet to create a discontinuity therein. 159.The apparatus of any
of CIaﬁMW%E wherein the nozzle outlet is discontinuous around a portion of
the perimeter of the apparatus covered by the rotational angle, such that the

nozzle,compyises a plurality of nozzl tlets. 2010 The.. rat f any
precec?ihg cléﬁnﬁ,'%vﬁgﬁéﬁawgo \?/%Er))él%gut%ﬁ %gﬁ%gt%% 'r{&s%llﬁtgop X(% t%irc?sport fluid
nozzlechitdmsétflate the nozzle throat and the nozzle outlet, 11. The

gpparatus offRey PEesecing elsidsiMgsirictRewRIKIBgntdia FanuPsiiiamn the
first surface of the apparatus. 12. The apparatus of Claim 11, wherein the

workififigid BEfRReIGFARd 35 13. The apparatus of either Claim 11 or
Claim 12, wheveirkthg fluadtkingsiligiel inuutleg isrciodedabwitictabléongitedinay aXis.

working fluid, and an outlet on one of the first and second surfaces, the
outlet communicating with the transport fluid nozzle;

10 wherein the transport fluid nozzle has a nozzle inlet connectable to
a supply of transport fluid, a nozzle outlet, and a throat portion
intermediate the nozzle inlet and nozzle outlet, wherein the nozzle throat
has a cross sectional area which is less than that of either the nozzle inlet
or the nozzle outlet; and

15 wherein the transport fluid nozzle projects radially from the
longitudinal axis such that the nozzle defines a rotational angle about the

longitudinal axis.

2. The apparatus of Claim 1, further comprising a transport fluid

20 passage in fluid communication with the transport fluid nozzle inlet and
connectable with the supply of transport fluid, wherein the transport fluid
passage is parallel with the longitudinal axis.

3. The apparatus of Claim 2, wherein the transport fluid passage is
25 coaxial with the longitudinal axis.
4. The apparatus of any preceding claim, wherein the nozzle defines a

rotational angle of at least 90 degrees about the longitudinal axis.



14. The apparatus of any of Claims 11 to 13, wherein the working fluid
5passage has a pair of working fluid outlets on the first surface of the
apparatus, and wherein the pair of working fluid outlets are annular and
concentric with one another. 15. The apparatus of any of Claims 11 to 14,
further comprising a 10second working fititd passage, the second working
fluid passage having an inlet connectable to a supply of working fluid, and an
outlet on the second surface of the apparatus, the outlet opening into the
transport fluid nozzle inteédmﬁgdiate the nozzle throat and the nozzle ouﬂ .

et
1516.Phe appaFARRBAERIhY RIAETEIRE Ginidr B3 L BSRH TN 2
fluid passtigeaszagie Hri3dodegaedal abith kel angjitudinal axis. 17. The
apparatus of either Claim 15 or Claim 16, wherein the second working fluid
passage has a pair of outlets on the second surface of the 20apparatus, and

wherefh the paR appairdys of By sseerlingoiking iarpisbegeoarte aielar

§nd congpREig WiIPRA aREINAN-sd8add6r aRPappia@kany preceding claim,
further comprising first and second body members, wherein the first and

second surfaces are 25provided on the first and second members,
respedtively, Tanrddheasstosnd angrphereidiag aish pahiadin rbeaioed| indiiefirst
memb&ghtinJé?UsTg}%I&P@?rﬁaﬁoﬂf??l@ %ﬁm‘%%‘?@ﬂh% %@?‘5‘%&%“&8\%?8&%9"
member is adjustable relative to the first member, and the apparatus
30furthies edaijMebanglfeast one adjuster which can adjust the position of the

10
8. The apparatus of Claim 7, further comprising one or more filler
members which may be inserted into the nozzle outlet to create a

discontinuity therein.

15 9. The apparatus of any of Claims 1 to 6, wherein the nozzle outlet is
discontinuous around a portion of the perimeter of the apparatus covered
by the rotational angle, such that the nozzle comprises a plurality of nozzle

outlets.

20 10.  The apparatus of any preceding claim, wherein the working fluid
outlet opens into the transport fluid nozzle intermediate the nozzle throat

and the nozzle outlet,

11.  The apparatus of any preceding claim, wherein the working fluid

25 outlet is on the first surface of the apparatus.

12.  The apparatus of Claim 11, wherein the working fluid outlet is

annular.



36 further comprises at least one adjuster which can adjust the position of the
second member relative to the first member, and hence the distance between
the first and second surfaces. 520.The apparatus of Claim 19, wherein the
adjuster projects from the second surface onto the first surface, and may be
adjusted to vary the amount by which it &%jects from the second surface. 21.
The apparatus of any preceding claim, wherein the first and/or 10second
surface is provided with one or more turbulence enhancers. 22. A method of
generating a_mist with a mist generating apparatus haying a longjtudinal axis,
the mathod AIRARERE LOEHIHG IO o Tl AaPE AR
nozzleldefioette  shetaeaitts thenbsgiotidadppizsing surfaces of the
apparatus, the nozzle comprising a nozzle inlet, a nozzle outlet, and a nozzle
throat intermediate the nozzle inlet and nozzle outlet, and the nozzle throat

having! 4 crod$e easrialugrebantiehGpiays thap tRarndreindhenwaiking et
9r nozgia oatilet 20swRRlvingkiverking Huik&m @avadingfhidd sutiet on

one of the first and second surfaces to the transport fluid nozzle intermediate

the no?2RATARG 4N HZ18 BIRIBRI OF WRHUNG SHITHE ol DR HAHEPBRARIuId

as it passesrihicowith the aoptherthroat, whereby the accelerated transport
fluid applies a shearing 25force to the working fluid that atomises the working

fluid to form a mist of vapour and working fluid droplets; and
15.  The apparatus of any of Claims 11 to 14, further comprising a

10 second working fluid passage, the second working fluid passage having
an inlet connectable to a supply of working fluid, and an outlet on the
second surface of the apparatus, the outlet opening into the transport fluid

nozzle intermediate the nozzle throat and the nozzle outlet.

15 16.  The apparatus of Claim 15, wherein the outlet of the second

working fluid passage is annular and coaxial with the longitudinal axis.

17.  The apparatus of either Claim 15 or Claim 16, wherein the second
working fluid passage has a pair of outlets on the second surface of the
20 apparatus, and wherein the pair of outlets of the second working fluid

passage are annular and concentric with one another.

18.  The apparatus of any preceding claim, further comprising first and
second body members, wherein the first and second surfaces are
25 provided on the first and second members, respectively, and the second

member is at least partially received in the first member.

19.  The apparatus of Claim 18, wherein a position of the second
member is adjustable relative to the first member, and the apparatus

30 further comprises at least one adjuster which can adjust the position of the



spraying the mist from the nozzle radially of the longitudinal axis, such that

the spray of mist has a rotational spray angle about the longitudinal axis as it
1P BRI zle outlet. 37 23.The method of Claim 22, whelrEHGA& 040

has a rotational spray angle about the longitudinal axis of at least 90 degrees
as it leaves the nozzle outlet. 524.The m&hod of either Claim 22 or Claim 23,
wherein the mist has a rotational spray angle about the longitudinal axis of
360 degrees as it leaves the nozzle outlet. 25.The method of any of Claims
22 to 24, wherein the nozzle outlet is 10continuous around a portion of the

perimdtEiNGf FRMEHISSRRLLRSVRNSABIM I bt AP A%He! MirPeritiorfidae
comprigesd imtict steplathiase tedicn enerboresiiteh eneanther sisitmtee
nozzl | r_discontinuities t in. 1526.The method of any of
Claimeg%%v%éjﬁ%vﬁgggﬁ ﬁéc#&ag?é; @% e?'is discontinuous around a portion
of the perimeter of the apparatus covered by the rotational angle, and the

grethogcompriges g SRPP CIRIAYIBVAR AIStHEC R BRI OENRARIthe
outlets such that the spray of mist has a cumulative rotational spray angle

about $FEIBAGHERARLIGE HisbastietroaRdJrayLa SRR LNEN Sl
outletsanint be wiethddwbelainfrah, b erionihectioellative rotational spray
angle about the longitudinal axis is 360 degrees as it leaves the nozzle
outlets. 25 28. The method of any of Claims 22 to 27, wherein the working
fluid is28uppliEeEfeppeaabearabfanpikieectiid daifstsvbengie fhetlissirrEao the

15aNSPQELBHINNPREE I ISERBERIGHERAGZ IR AaLRNh BOBHRPIERL.

22. A method of generating a mist with a mist generating apparatus
having a longitudinal axis, the method comprising:
supplying a flow of transport fluid to a transport fluid nozzle defined

15 between first and second opposing surfaces of the apparatus, the nozzle
comprising a nozzle inlet, a nozzle outlet, and a nozzle throat intermediate
the nozzle inlet and nozzle outlet, and the nozzle throat having a cross
sectional area which is less than that of either the nozzle inlet or nozzle
outlet;

20 supplying a working fluid from a working fluid outlet on one of the
first and second surfaces to the transport fluid nozzle intermediate the
nozzle throat and nozzle outlet;

accelerating the flow of transport fluid as it passes through the
nozzle throat, whereby the accelerated transport fluid applies a shearing

25 force to the working fluid that atomises the working fluid to form a mist of
vapour and working fluid droplets; and

spraying the mist from the nozzle radially of the longitudinal axis,
such that the spray of mist has a rotational spray angle about the
longitudinal axis as it leaves the nozzle outlet.

30



38 29. The method of any of Claims 22 to 27, wherein the working fluid outlet
is on the first surface, and the method further comprises supplying working
fluid from a second working fluid outlet on the second surface to the nozzle
intermediate the nozzle throat and the nozzle outlet. 5 30. The method of
any of Claims 22 to 29, further comprisiri’(:?the step of adjusting the position of
the second surface relative to the first surface, thereby adjusting the
dimensions of the transport fluid nozzle. 1031.A method for preventing,
controlling, or extinguishing a fire within a space, the method comprising a
methofof geHBrRRIECE Al ALBACHNY Bk B IS 22 WU AP FMner
comprisiglg syt tigetloagitisdindbatkie spaidednt®0 akwrent asdtfiemageatiod of
time syfficient taprevent, control, or extinguish the fire. 15 32.A system for
preventing, controlling, or extinguishing a fire within a space, the system
comprising a mist generating apparatus according to any of Claims 1 to 21.

5 24.  The method of either Claim 22 or Claim 23, wherein the mist has a
rotational spray angle about the longitudinal axis of 360 degrees as it

leaves the nozzle outlet.

25.  The method of any of Claims 22 to 24, wherein the nozzle outlet is
10 continuous around a portion of the perimeter of the apparatus covered by
the rotational angle, and the method comprises an initial step of inserting
one or more filler members into the nozzle outlet to form discontinuities

therein.

15 26. The method of any of Claims 22 to 24, wherein the nozzle outlet is
discontinuous around a portion of the perimeter of the apparatus covered
by the rotational angle, and the method comprises the step of spraying the
mist from a plurality of nozzle outlets such that the spray of mist has a
cumulative rotational spray angle about the longitudinal axis of at least 90

20 degrees as it leaves the nozzle outlets.

27. The method of Claim 26, wherein the cumulative rotational spray
angle about the longitudinal axis is 360 degrees as it leaves the nozzle
outlets.

25

28. The method of any of Claims 22 to 27, wherein the working fluid is
supplied from a pair of working fluid outlets on the first surface to the

transport fluid nozzle intermediate the nozzle throat and nozzle outlet.
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29.  The method of any of Claims 22 to 27, wherein the working fluid
outlet is on the first surface, and the method further comprises supplying
working fluid from a second working fluid outlet on the second surface to

the nozzle intermediate the nozzle throat and the nozzle outlet.

30. The method of any of Claims 22 to 29, further comprising the step
of adjusting the position of the second surface relative to the first surface,
thereby adjusting the dimensions of the transport fluid nozzle.

31. A method for preventing, controlling, or extinguishing a fire within a
space, the method comprising a method of generating a mist according to
any of Claims 22 to 30, and further comprising spraying the mist into the
space in an amount and for a period of time sufficient to prevent, control,
or extinguish the fire.

32. A system for preventing, controlling, or extinguishing a fire within a
space, the system comprising a mist generating apparatus according to
any of Claims 1 to 21.
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