An I nproved M st Generating Apparatus and Met hod The
esent invention relates to the field of m st
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is directed to an i nproved apparatus and net hod for
generating liquid droplet msts. Mst generating
apparatus are known and are used in a nunber of
fields. For exanple, such appdratus are used in fire
suppr essi on, decontam nation and cool i ng applications,
where the liquid droplet m sts generated are nore
effective than a conventional fluid stream Exanples
of such m st generating apparatus can be found in
WOR005/ 082545 and_ WO2005/ 082546 to the S appl i cant.
whANdmRsavedMist Genrrating Apearatus and, a‘é ?dgenerating
liquid droplet msts, they are limted in that they
can only project the msts over short distances and
haWhe présentdiventioarrelated to the fid af mistfgetrieeatﬁngaeemratus
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asﬁf%ffﬁod)fortd%ﬁepétﬁ@el uid Brslét mté.here is provided an
apparatus for generating a mi st conprising: a first

transport fluid passage having a first transport fluid

oo Btseh R ol ARER e oMo e boed M it oo
anfot bﬁarfl;:pr&ssutm appactiis ﬁfeJustDmtﬂlretsumeSSldiTl oat
ort 1 0N Vi sect | 0 ar
P AERCONATANOR ANAEFORRg ARRCA TGS Ytase e fiduid IrRBRE mists
t hSeﬁéFa?éd 5@:%9@ bifeétivel tﬂaﬁl& ésviertioh8Prllid @ﬂ@aH@rEkéPﬁples
Ui d passage |located radially outwardly of the first

t r ahsysir mistigeneratingsanparaing aamben tpuadio WO2§06/Q82§45 and

| T haRioR SR LR e ARG, Soong™> O oo

Whilst such apparatus are easily capable of generating liquid droplet
mists, they are limited in that they can only project the mists over short

distances and have a low efficiency.

It is an aim of the present invention to obviate or mitigate one or more of

the aforementioned disadvantages.

According to a first aspect of the present invention there is provided an
apparatus for generating a mist comprising:

a first transport fluid passage having a first transport fluid inlet, a
first transport fluid outlet, and a throat portion intermediate the first
transport fluid inlet and the first transport fluid outlet, the throat portion
having a cross sectional area which is less than that of either the first

transport fluid inlet or the first transport fluid outlet;
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transport fluid inlet and a second transport fluid
outlet in fluid communication with the worKki ngyflu
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with the first transport fluid and working fluid

outl ets; wherein the second transport fluid passage
has an outlet located in the working fluid passage
upstream of the working fluioutlet. Preferably, the
second transport fluid inlet is in fluid conmunication
with the first transport passage such that the second
transport fluid passage receives transport fluid from

the fi ﬁiﬁeé t BReRAkird iliid paasage ealiicfialy outwabdly of the

first transport inlet receives transport fluid

f ifiosh tearfspostt fluid passagerpnd haxingvawprking duid iplat anda working
fagfgort passage receives transport fluid froma

fi Ul ce and the second transport fluid passage

recei veyg |dd2opRAdcohtl Uiathshoafiuid passaud Isaypag atsecond
transport fluid source. Preferabl t he g
 tansporiid el e gg@owagraaquwﬁ}"eld ez iy ¢ e
ir .l Li gngeof the throat
oclp?ﬁmﬁﬁgﬁﬁ{)’r%htpl tbgtvﬂ% spor ngﬁﬁi@ passage.
Pr ef er ain ofutldthmzmbnhlfhm Cmmnwmatioatwntfs theo&rat transport fluid

r adi aII éwardlly fromthe first transport fluid
mﬁﬂde‘t"o g Byl €% he working fluid outlet is

di rect %ér?ﬁ@ih@%éc@ﬁd't Rlbhdldtﬂbagsﬁgb Bds hh@utlet located in

transport fluid passage. ternatively, the working

f I1the avaskingdtuid pasm @mtr%am ol mﬂww‘@mg flgick pyalet.

| ongi tudi nal axis of the first transport fluid

passage. Preferably, the second transport fluid
Pa@fgabR) thersgsorid teansyport fidd idekisrig fluld.campasscagion with

dj acent the working fl t d
£ b Testdransport passage sHen dnahhe SesSad i AnRPOY JicpEtage
PIREENEYRANBEEMFRIY fr& thBlfiét tidhsport fluid passage.

Preferably, the first fluid transport inlet receives transport fluid from a first

source.

Alternatively, the first fluid transport passage receives transport fluid from
a first source and the second transport fluid passagé receives transport

fluid from a second separate transport fluid source.

Preferably, the second transport fluid passage has an inlet located in the
first transport fluid passage upstream of the throat portion of the first

transport fluid passage.

Preferably, the working fluid outlet is located radially outwardly from the

first transport fluid outlet.



the second transport fluid passage and the working
luid outlet. Preferably, the working fluid outl| et
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transport fluid passage. Preferably, the working fluid
outlet is substantially perpendicular to the

| ongi tudinal axis of the first transport fluid

passage. Preferably, the firs? transport fluid passage
is generally cylindrical in shape. Preferably, the
wor ki ng fluid passage is generally annular in shape.
Preferably, the working fluid passage circunscribes

t hp{(efférra%iy, thaRRPRRY flidibotiaas areetedRonbrisibeyionginginal axis
wor ki ng tluid passage includes a plurality of working

f | ofi theitranspert f&i@ﬂéﬁmey, the first transport fluid
passage has a protrusion which protrudes towards the

| ongi tudinal axis of the first transport fluid
PaARAGALivEle, ealstkingiuid@iutigt iscsutistahtially @analisl to theof

the throat portion and outI%% of, the first transport

f | lonaityinakayds opthe WishBAYSPQTRHVIGNASSA0BSs conpri ses a
plurality of second transport fluid passages.

Preferably, the plurality of second transport fluid _
paBrsigeblygitiee secamdjtransport fluidgransagaland apedien aftiae working

fipst transport flupd passags.. '

asfiitpaspaah adianeehieoNo e ol CLTRH Hla Hira o SFEE ey,
gefRréld #9uBstahfihlly stheigheihieggle passagowry béteveshahe imét to
supplying a first &Qrtl on of a transport fluid to a

f i thet Secoaddpansport fluid ppasageyand e weTking fluid oytletnspor t
fluid inlet, a first transport fluid outlet and a

throat portion internmediate the first transport fluid

i nPeiferty, tthe wadrkiag fluichosibetris Iddated adjacest thetthepat ipostian of

ortion havin cross sectional area which
P the first transpogrt ﬁlw‘c:i passage.

Preferably, the working fluid outlet is substantially perpendicular to the

longitudinal axis of the first transport fiuid passage.

Preferably, the first transport fluid passage is generally cylindrical in

shape.
Preferably, the working fluid passage is generally annular in shape.

Preferably, the working fluid passage circumscribes the first transport fluid

passage.

Preferably, the working fluid passage includes a plurality of working fluid

inlets.

Preferably, the first transport fluid passage has a protrusion which
protrudes towards the longitudinal axis of the first transport fluid passage,



iIs less than that of either the first transport fluid
inlet or the first transport fluid outlet; suppl in% a
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| ocated radially outwardly of the first transport
fluid passage and having a working fluid inlet and a
working fluid outlet; supplying a second portion of
transport fluid through at | édst one second transport
fluid passage into the working fluid passage, wherein
the second transport fluid passage has an outl et
upstream of the working fluid outlet; inparting a

shgamré®i&6n BRirgIecHRUkhrgmiddiitd dfyhevtroaf porion sedandlet of
portion of the transport fluid exiting the second

t rthadipeirtrarspertdiyidpassfg®ut | et, thereby partially

atom sing the working fluid as it passes through the
wor ki ng fluid passage; and directing the partially

at prefsadiyvik apgarbtug corapdsése plunabty gfeecood trainsport fluid
transport fluid to an outlet nozzle in fluid
cAAfi$dfeat i on with therespective first transport fluid
and working fluid outlets, wherein the respective
outlets are arranged such that the first portion of

t rRresErabty, theiptirdlitpof segend waaspart fluidrpassages pes aeapged

the partially atom sed ] iqd t m se the
woff! %Hef‘?'ll'iaﬁy & ?Lmds%rfp%gféﬁ%%* @?'g kﬂa;% ,Sgég'e second
portion of the transport fluid is directed to the
second transport fluid passage fromthe

first .
¢ rAeeRIding 1oiaperqrEkasese! OFiner BYRIGN. thefe s FERYiged A maod
i . F e i
trSferRRRtng H i, IS RBAASS comprisritnbiogd o
Al t er nagupplying atfivet pentiph wf aftrarsport fluid tearirstdransport fluid

| soaseaRe e i aerandiie EiEL AR el RAT SR8 and o
POt Abcion Irémmediatef theiffisti ttaridporisine irlet ardteofirst
flurd passage is froma ) ) _ ) .
transport fluid outlet, the throat portion having a-cross sectional area which
is less than that of either the first transport fluid inlet or the first tra'nsport
fluid outlet;
supplying a working fluid to at least one working fluid passage
located radially outwardly of the first transport fluid passage and having a
working fluid inlet and a working fluid outlet;
supplying a second portion of transport fluid through at least one
second transport fluid passage into the working fluid passage, wherein the
second transport fluid passage has an outlet upstream of the working fluid
outlet;
imparting a shear force on the working fluid by way of the second
portion of the transport fluid exiting the second transport fluid passage
outlet, thereby partially atomising the working fluid as it passes through the
working fluid passage; and
directing the partially atomised working fluid and the first portion of

transport fluid to an outlet nozzle in fluid communication with the
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transport fluid passage includes directing transport
fluid in the first transport passage to an inlet of

the second transport fluid passage | ocated upstream of
the throat portion of the fir8t transport fluid

passage. Preferably, the second portion of the

transport fluid is directed through a plurality of
second transport fluid passages which connect the

fi Co ki L

e ShegM R Endht R BRERPRUARENIG OLHEE, Wrerein the, o,
coBppectpe dutiets ard Aranged pudi that e firsgy pertiaref tsargpent fluid
aer odynam ¢ Shockwave i.n the first transpor | Ui .

o FnliEeaten drdimysha corced e RatabP AR Rk Wokifi fuid to
st AbnNEIRG WS NGt st Ehasdyave includes the step of
passing the transport fluid over a protrusion or a
recess in the first transport fluid passage.

BT3B SSTELABAGP TR PRCROPF IO e b
st sdopfarahsperdiliid passaddhbomwaedirstararisportsiuid passage.

working fluid further still. Preferred enbodi nents of
the present invention will be described, by way of

X305 LRS! !tﬁ/ne a%\f;’é'ﬂ of iegﬁ:r%g B?rt{o?u SthErRGBATRAMS e first

draw ngs,” i IS a cross sectional side
vi teamspiorifluid passagevissiromentiishsdurgeappar at us accordi ng
to a first enbodi nent of the present invention; Figure
2 is a cross sectional side view of part of a m st

g eﬂmirﬂhﬁwy,&%aj@bﬁﬁof&ﬁ@ g sti pegtiow ofitransysort flaiotto dhenéirst

of the present invention; and Figure 3 is a rofsE

o cEAnSHOrLAg PRsEaga 1S faMia ! sowteranghierspRio! the second
portion of transport fluid to the second transport fluid passage is from a

second separate transport fluid source.

Preferably, the step of supplying the second portion of the transport fluid
through the at least one second transport fluid passage includes directing
transport fluid in the first transport passage to an inlet of the second
transport fluid passage located upstream of the throat portion of the first
transport fluid passage.

Preferably, the second portion of the transport fluid is directed through a
plurality of second transport fluid passages which connect the first

transport fluid passage and working fluid passage.

Preferably, the method of generating the mist comprises the further step of
creating a stationary aerodynamic shockwave in the first transport fluid

passage.



apparat us according to a third aspect of the present
nvention. Figure 1 shows a first enbodi nent_ of
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i nvention. The apparatus 10 conprises a first
transport fluid passage 12, a working fluid passage 14
and an outlet nozzle 16. The first transport fluid
passage 12 is generally cylln@rlcal in shape and has a
first transport fluid inlet 12a and a first transport
fluid outlet 12b. The first transport fluid passage 12
al so has convergent-divergent internal geonetry. The

C(’Far‘é?érgﬁ%'tﬁjé ¥RPUS e SRR e StabeEry Iavesdyhammio\shogkwave

portion di verging portion 20 and a throat
pdntiudas e btepaafanssn0ibertranseodiiié pyehy PEREISion or a

di vergin [t hroat portion 22
i Sqeg@g?gﬁtq%ﬂ‘{r ttﬁ%@epio?l’eﬂﬁﬁgagl 79" transport fluid inlet
12a and the first transport fluid outlet 12b and has a

cross sectional area which is |e hat of ,.ei t,her
t hereferiably, thexmasied cpmpriaes m‘%{ rihes Sgerp PHRASING e atorised

trﬁﬁﬁ@rﬁg{)flu@'tﬂn‘o%gﬁ%ﬁ{a ;m%{%\% fod%émlé‘ghéék#véi/eol@sﬁéﬁﬁse

y "of the first
t rimesporking fluid durtrerssdile 12. In this arrangenent, the
wor king fluid passage 14 partially circunscribes the
fi rst transport fluid passage 12. The working fluid

%Sﬁe&@rﬁlﬁﬁuﬁeﬁ&rd‘f'tﬁé préséri invdrioniwii berdbseribod kbygay
fIU| outlet 14b. A portion 14e of the working fluid

pashexgmple andy, adéntefereacade e QCGFCP’DP@I“Y'N? grawihgs; i§ which:
substantial ly perpendicular to the |ongitudinal axis

26 of the first transport fluid passage 12. The

wor ki ngFigure d |$)a336$]335éetlomla591dbase\a ocwavte:f@ mist generaing

pORBRANBAEINING 10 Are) SRCPHINSI A0 Bleskf nBRtoph o

wor ki nge 'u\'% g |§thr8§s éé’dqldnﬁl ‘si@l@h}lé\ﬁ@f pahasfiavmist genbeating
Iongltudlna axi s first transport flujid

paappq;etwacmmgtmatsamadmmqhgmt of w%meﬁéﬂt ipygntion;
itselLf is also directed towards the |ongitudinal axis
263 the first transport fluid passage 12.
Figure 3 is a cross section side view of part of a mist generating

apparatus according to a third aspect of the present invention.

Figure 1 shows a first embodiment of a mist generating apparatus 10
according to the present invention. The apparatus 10 comprises a first
transport fluid passage 12, a working fluid passage 14 and an outlet

nozzle 16.

The first transport fluid passage 12 is generally cylindrical in shape and
has a first transport fluid inlet 12a and a first transport fluid outlet 12b. The
first transport fluid passage 12 also has convergent-divergent internal
geometry. The convergent-divergent geometry comprises a converging
portion 18, a diverging portion 20 and a throat portion 22 located between
the converging and diverging portions 18, 20. The throat portion 22 is



The outl et nozzle 16 is in fluid comuni cation vvith
e first transport fluid outlet 12b and the work
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second transport fluid passage 24 which allows fluid
conmuni cati on between the first transport fluid
passage 12 and the working flyid passage 14. The
second transport fluid passag% 24 has a second fluid
inlet 24a located in the first transport fluid passage
12 upstream of the convergent-divergent portion 18,

20. The second transport fluid passage 24 al so has a

S?&@Jiédﬁr#tékrﬁe&nﬁié fe R4PtrhASFSreduidnnieh e2uainki the firstutrahsport

passage 14 upstream of the working fluid outlet 14b.
| riluicheutetbicth amthhas® drpgsisectional REcavyhiehig Iessihgn that of

(1A E 4 e TSl iy 200 3E Y WspbfTudd Biter 120

fluid passage 24 and the portion 14d of the working
fluid passage 14 adj acent the worKki

arheawprsir@ Huid Rassaagt 4 indecated r@léﬂ%@?%fﬁ%{?&%gtﬁfsjﬁb
2 2205 AR i SASERG e
V\D1r4<pairgaﬂy mrchmsd:ﬂ&&ts theffirst transperiditid passage 32. flihguwerking

| il Gaswrsn Lt Pas werkine B ReRl ie Al ke A outet

Theyy K'p@&l&h@ﬁ@%f thbz\ﬁoﬁélﬂig)ﬂﬁndfpafsbhgé 14i adjagerititde working

atom sation of work flurd thereby creating even

srtuid eﬂetdmmnsaumtam@ y pﬁaoeﬂwﬂ@r tohhatenoiusingl axis26 of

USSR b Tl i st o s
g@tmvdrtgié\gl ;%ohrgiﬁm‘rnc rbeltwe@h thef iIH:m/ei\Aarand thestwtidtd 4be A
recia ns o
o iriien dnaaH She WogkG Hisk Bassaog atiachr! 1hS wRlRg Hictstuet
t rWl@Qllﬁéhrféde'eTjatﬁr@% Qhe WHdRUBMaT huikDe6f the flrsterarmpdrt fluid
I cation paratus 10. The operation of
t massaget12esbolm thasribe wqrﬁngdwlda@ut&tswh itrelf is Alspikegigd

towards the longitudinal axis 26 of the first transport fluid passage 12.

The outlet nozzle 16 is in fluid communication with the first transport fluid

outlet 12b and the working fluid outlet 14b.

The apparatus 10 also comprises a second transport fluid passage 24
which allows fluid communication between the first transport fluid passage
12 and the working fluid passage 14. The second transport fluid passage
24 has a second fluid inlet 24a located in the first transport fluid passage
12 upstream of the convergent-divergent portion 18, 20. The second
transport fluid passage 24 also has a second fluid outlet 24b located in the
working fluid passage 14 upstream of the working fluid outlet 14b.

In the embodiment of figure 1, the working fluid outlet 14b is located
radially outwardly from first transport fluid outlet 12b. Also, the second
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fluid, such as water for exanple, is introduced to the
morkin? fluid passage 14. The working fluid fl ows

he chanber 14 and exits the wor ki ng f Pl/B2008/001883
outlet 14b at the outlet nozzle 16. Since the working
fluid outlet 16 is directed towards the |ongitudina
axis 26 of the transport fluid passage 12, the working
fluid exits the working f1uiddoutl et 16 and comes into
contact with the transport fluid. A transport fluid
(an exanple of a first portion of a transport fluid),
such as steamfor exanple, is introduced to the first

t f@é}%&ﬂrﬁ fiiid Wads2as 233MdltRe Jior 948 ¥ the working fluid

convergent-divergent geonetry of the first transport
f | pasbageskbadiagcent theevqriingdiijid optlelc14b are arrgegrd,puch that

ti , lerati . i ' :
" EbE SRS bR S Pk ithieh e ssesne
t hptdtiouatofith@seosnd trahspett Auid misshgh 2t andtheonbikirig fluid
nozzle 16. This acceleration of the transport fluid

en@uttedd4bhat the transport fluid exits the outl et
nozzle 16 at a supersonic velocity. Upstream of the
conver gent -di vergent section a portion of the

t riartap @nhbddinnedt Ohfigueatihe appasatesdOndcipdes aonixeg

v lvefiopd 149 ettecfadomraa o i HEhd uBFERRY 1ap, The

PaSPAUS chdmben $24 aAOWB ifthéd MixhEahe alorhisatioe of aoekiAg fluid
flurd Tnlet 24a and exits at the second fluid outl et

2 Jiherathecrenting puen smalied deonlet §zehe The Mkixing Ghagker 12d is

pa e f k: |\ .
ATHER FAnRB R T ool SHhe HEA fergpin P Fasste 12
??5?%§@|Ir¥lmegmiiin@ahaﬂmrSl@das abprmrr:ately hémnoirkiength.

uld there tia .atom sing the workjng .fluid a
O e
O P2 Iy e Bidyebi&idpendin Qh,ﬂlﬁter\éﬂl"ahthbh?ﬁé of Fhn8eert flgw
of the transport fluid flow n,g‘ at such high velocity
anahd/bewpsking Huidjbeing vised @nddhriapglicationiofdpanpgratys 10.
wor ki ng fluid passage 14 at the working fluid outlet
14b, the partially atom sed working fluid is subjected

t OThé!bpBeitionltd ahe first @@sbdyimehewill aos perdescribed. ATwerking

r ef?lijiclj,t suocfh et13h \I/vgtérsfor example, is introduced to the working fluid passage
14. The working fluid flows along the chamber 14 and exits the working
fluid outlet 14b at the outlet nozzle 16. Since the working fluid outlet 16 is
directed towards the longitudinal axis 26 of the transport fluid passage 12,
the working fluid exits the working fluid outlet 16 and comes into contact
with the transport fluid. A transport fluid (an example of a first portion of a
transport fluid), such as steam for example, is introduced to the first
transport fluid passage 12. Due to the convergent-divergent geometry of
the first transport fluid passage 12, the passage 12 acts as a venturi
section, accelerating the transport fluid as it passes therethrough. The
accelerated transport fluid exits the first transport fluid outlet 12b at the
outlet nozzle 16. This acceleration of the transport fluid ensures that the

transport fluid exits the outlet nozzle 16 at a supersonic velocity.
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dropl ets. Furthernore, the turbul ence created by the
transport fluid also aids in the atom sation of the
working fluid. Also, the expansion of the working
fluid, or working fluid m xtufe, exiting the outl et
nozzl e 16 causes further atom sation of the working
fluid. Furthernore, the expansion and/or contraction
of transport fluid, or transport fluid m xture, may
enhance further atom sation of the working fluid. The
apparatus 10 therefore creates a fl ow of substantlally
unUpstreamuoiétme deoysreest- dwemetrﬁéemmammcpmpat eriRnNspeTt

LR T6h g S SERIREBbteh] o frsbol RFPNEES s povon
t hmefgag@htattmspgnqmwbg@sar?‘e 4 tyveanrtds tlge Woekidg d;midapasage
rea I Stance | re S a SecC
tg ht4.mlge t@éﬁgpgtﬂug,lfgegﬁgﬁ%% epghd fwizq?%té)% and ﬁél?s at the
WoLdHl g fl r@ bﬂtl@&’%&zt?t Iﬂé ‘ﬂr‘%nbéor't AeRE EsterdinRoRikind Buid

throat portion he conver gent - di vergent portion
11passhae. 14 upstraan af thenyerking flaidpmitist d bl Arithertransgport fluid

Ki fl 114 t I
I T A R L
aanﬁd m@ree? dah@aﬁyl artéﬁném@n@%tknﬁd; Huid s pagsed ftizough the
such he work fluid outlet 116 itself is also

di weddrgifluidrasgage Hé anﬂﬂ@r ¢realing kubble flow rggimee

first transport fluid passage 112. The operation of

the second enbodinent is simlar to that of the first
enagi thefirst gartomaf the taddpareiude flowingat $wh higb velocity and

\Qg{hg 4 laliynu%t%pﬁ%( ?vobggg WQH“ g g)*huel( ﬂgﬁ(?r?gs ﬁgi% p]alséage 14 at
C oML GRIHg Mlhid %ruﬂéf”i 419QhE 'd&ﬁlalﬂr%toﬂq&mdrmrh‘@ﬂmnkl ng

flurd enters the first transport fluid passage

agsubiected e funthar sitear ferces Ay dpe transpeit é‘Uld nT'ﬂﬁh ée%'éin Qs is
atn%ﬁ? b'gégp%ryg[f 81’2% b8 Wdrkilh i isPHBIIsRPfUHRE bY the transport

fluid and a dispersed droplet flow regime is produced having extremely
small water droplets. Furthermore, the turbulence created by the

- transport fluid also aids in the atomisation of the working fluid. Also, the
expansion of the working fluid, or working fluid mixture, exiting the outlet
nozzle 16 causes further atomisation of the working fluid. Furthermore,
the expansion and/or contraction of transport fluid, or transport fluid
mixture, may enhance further atomisation of the working fluid.

The apparatus 10 therefore creates a flow of substantially uniform sized
droplets from the working fluid. Due to the fact that the transport fluid is
transported centrally along the first transport fluid passage 12, the
apparatus is capable of projecting the droplets a great distance.
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transport fluid exiting the second transport fluid
ftiall y atom sed working fluid enteri nﬁCT/ﬁ'gZ 08/001883

first transport fluid passage 112 at the throat

portion 122 is subjected to the sanme shearing by the

accel erated transport fluid in the first

enbodi ment. As expl ai ned aboVe, the partially atom sed

working fluid enters the first transport fluid passage

112 against the flow of the transport fluid. This aids

the shearing effect of the accelerated transport

f |Flbdre p '@Héw’s@émd@nbbdmﬁémmfm mm gla‘neMnMg/\ap;btarang
flurd. In this enbodi nment

atdf. smfagmetzanbengwéhaa JoaSem i 145 lpﬁ@*sgtad@%qwé'ae throat
;szgdé} éua qu\m?ﬁg cbRer géﬁ{;ﬁﬂgkﬁrﬁ g%'rl%d $18 | 4. @) this

ni'c velocrtie ring atom sation
praregsgeméent dporivar €l deikofethd enbriimgdivgd pabsagemi i 4 adjacent the

Evendia 18%'@? 0145 5 e riate Rohehnd i £ 130 of
d't}’msffﬂ&rﬂa n§395é§e $42] SIREFkhbb BTeibMM ﬂu‘uhmtletﬂe

transport UI the expansi on of the working id
emselfng atgo directed towardsdhe é@ngm@"taé@g@d 24,0t *Iﬁ‘érf'fSt transpoft
m,sati on the working fluid.Figure 3 shows a
ﬁ+g Qﬁﬁﬂﬁ?gi%t of the m st generating apparatus 200.
In figure 3 the divergent portion 220 of the transport

orbhe ohemtoBvttas SN SpORIRPRLE SInidr 536t BRdist
t réarﬂPBQIrrﬁeritl {He q'g %lﬂ‘f%ﬁegéé beﬂ@e(hﬁf e w&wgzﬁ@a dx@ts the

| ota er medi at e of roat porti 22 and
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the working fluid outlet 114b. The partially atomised working fluid entering
the first transport fluid passage 112 at the throat portion 122 is subjected
to the same shearing by the accelerated transport fluid as in the first
embodiment. As explained above, the partially atomised working fiuid
enters the first transport fluid passage 112 against the flow of the transport
fluid. This aids the shearing effect of the accelerated transport fluid, thus

increasing the atomisation of the working fluid. In this embodiment the
main shearing atomisation takes place adjacent the throat portion 122, i.e.
where the transport fluid is flowing at supersonic velocities. This shearing
atomisation process is therefore extended through the entire divergent
portion 120 towards the outlet nozzle 126. Furthermore, working ftuid
located on the walls of the divergent portion 120 is stripped therefrom by
the transport fluid and the expansion of the working fluid exiting at the

nozzle outlet 116 causes further atomisation of the working fluid.
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Shockwave. Thi s Shockwave creates further atom sation
of the dispersed droplet flow regine. The m st
generati ng apparatus 10 thergfore obvi ates or
mtigates the di sadvant ages ﬂ previ ous proposal s by
pre-atom sing the working fluid upstream of the
working fluid outlet 14b and providing centralised
transportation of the transport fluid. Pre-atom sing
the working fluid upstreamof the working fluid outlet
14b results in less transport fluid be ired t

. ing.re
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fluid passage 12, it should be appreciated that the

portion 14e of the working fluid passage 14 adj acent

t hﬁ%‘@é%ﬂo@@ drlthié ﬁohlaneézd&lé%r@é‘a@ea Stalishaft aerbbynamic

para to the longitudinal axis 26 of the first

t rshoepoave fin thalapparaiupe2Q@. I n this case the working
fluid passage 14 is generally annular in shape and
circunscribes the first transport fluid passage 12.
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aerodynamic shockwave. This shockwave creates further atomisation of

the dispersed droplet flow regime.

The mist generating apparatus 10 therefore obviates or mitigates the
disadvantages of previous proposals by pre-atomising the working fluid
upstream of the working fluid outlet 14b and providing centralised
transportation of the transport fluid. Pre-atomising the working fluid
upstream of the working fluid outlet 14b results in less transport fluid being
required to produce the dispersed droplet flow regime. This increases the
efficiency of the apparatus 10. Also, providing centralised transportation
of the transport fluid allows the dispersed droplet flow regime to be

projected further than conventional methods.
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relative to the longitudinal axis 26 of the first
transport fluid passage 12, it should be appreciated
that the portion 14d of the 3?rking fluid passage 14
adj acent the working fluid ouflet 14b nmay be
substantially parallel to the |ongitudinal axis 26 of
the first transport fluid passage 12. Furthernore,

al t hough the portion 114d of the working fluid passage
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bahieesethawbrRidgdrid passagdl $4is gdamérallyg anhblar appleape asd
10 has been illustrated and descr i be&gabove as having

a aiicHgIseTibes rifitst HADERAT fluid papssgestaye 24, it shoul d

be appreciated that the apparatus 10 may conprise a
plurality of second transport fluid passages. In this
c aiso dithcaghahd warmmg;fhnd passage bhbesdeengescabed ageve as

o sAe.Sns Worpa Rl B 4y frstighit of @BBRRHIE hisering
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stationary aerodynanic ckwave in the apparatus 10,
it should be appreC| ated that a stationary aerodynam c

S é@gé’\tl\@ S h ?og{ cg’?gxg% %\; Eh \%pérﬁ’é’ ALR passhfe % adjacent
the worklng fluid outlet 14b has been described and illustrated above as
being inclined relative to the longitudinal axis 26 of the first transport fluid
passage 12, it should be appreciated that the portion 14d of the working
fluid passage 14 adjacent the working fluid outlet 14b may be substantially

parallel to the longitudinal axis 26 of the first transport fluid passage 12.

Furthermore, although the portion 114d of the working fluid passage 114
adjacent the working fluid outlet 114b has been described and illustrated
above as being inclined relative to the longitudinal axis 126 of first
transport fluid passage 112, it should be appreciated that the portion 114d
of the working fluid passage 114 adjacent the working fluid outlet 114b
may be substantially perpendicular to the longitudinal axis 126 of first

transport fluid passage 112.
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the apparatus 10. Also, although the second transport
fluid gassage 24 has been illustrated and describ
receiving transport fluid fromthe ?§T@ﬁnmmm0nm3

transport fluid passage 12 by directing a portion of
transport fluid fromthe first transport fluid passage
12 to the second transport fl,yid passage, it should be
appreci ated that the second f ansport fluid passage 24
could receive transport fluid froma separate source

of transport fluid. For exanple, if the first

transport passage 12 receives transport fluid froma

fiif ShoiQ@WikEbe bppreeateddnitrthespld of |hulrr¢btmmst3ageeﬁ4he
could receive transport fluid froma se %?ﬁ
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transport fluid my exit the outlet nozzle 16 at
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cf
di argearsangedariroumierantialin groynd the gt rwm&rf@wsmsﬁsgaﬁ 2.
the working fluid has been descri bed above as being
water, it should be appreciated that the working fluid
rra?uddeermwesalthmrghethemmm 2ma rwa;be@lnswmtraie@@@ #agcribed

\ %évlqu?%/érea%pg @%ﬂ{r%r?érty?ar éﬁg%rﬁlc% ﬂg{ﬂe apparatus

deﬁ‘? rii Sesli@Be\eppREciBRId has b &tdtiorialry abmdydabﬂc shockwave
appreci ated that the transport f|UId na

( engy bemsrpateskiadha appargtys agéw $le¢ling 'tab'e Qeongeqfv of
the apparatus 10.

Also, although the second transport fluid passage 24 has been illustrated
and described above as receiving transport fluid from the first transport
fluid passage 12 by directing a portion of transport fluid from the first
transport fluid passage 12 to the second transport fluid passage, it should
be appreciated that the second transport fluid passage 24 could receive
transport fluid from a separate source of transport fluid. For example, if
the first transport passage 12 receives transport fluid from a first source,
the second transport fluid passage 24 could receive transport fluid from a

second separate source.

Furthermore, although the transport fluid has been described above as
exiting the outlet nozzle 16 at a supersonic velocity, it should be
appreciated that, by alternative arrangement of the internal geometry of
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14b, it shoul d be appreciated that the m xi ng chanber
12d is optional and is not essential for the function
of the apparatus 10. Further al t hough the
apparatus 200 has been descri ed above as having a
protrusion 228 which creates a stationary aerodynani c
Shockwave in the first transport fluid passage 212, it
shoul d be appreciated that a stationary aerodynam c

ShRs W&?omlﬁbéﬁa@@ 1, eAé ednbyor fluRC@ay exit theeutlet sozzle
transport fluid passage. Al so a stationary aerodynam c

Shdcatlawer,BoNiaPssulsoNG, eglaciiass t he apparatus by
configuration of the internal geonetry of the
apparatus and by varying, inter alia, the flow
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than that of either the first transport fluid inlet or
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anéjoove as being steam, it should be appreciated that the transport fluid

may also be gas (e.g. compressed air, Nitrogen or Helium).

Also, although the apparatus 10 described in figure 1 above has been
described as including a mixing chamber 12d located downstream of the
working fluid outlet 14b, it should be appreciated that the mixing chamber
12d is optional and is not essential for the function of the apparatus 10.

Furthermore, although the apparatus 200 has been described above as
having a protrusion 228 which creates a stationary aerodynamic
shockwave in the first transport fluid passage 212, it should be
appreciated that a stationary aerodynamic shockwave may also be
created by a recess in the first transport fluid passage. Also a stationary -
aerodynamic shockwave may also be created in the apparatus by
configuration of the internal geometry of the apparatus and by varying,
inter alia, the flow conditions (e.g. pressure, temperature, density etc.) of

the transport fluid working fluid.
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an outlet nozzle in fluid comunication with the first
tranﬁyort fluid and working fluid outlets; wherei
d7 ?ransport fluid passage has an out|et‘F89§€%ﬁm“BS3

in the working fluid passage upstream of the working
fluid outlet. 2. An apparatus for generating a m st as
claimed in claiml1, wherein the second transport fluid
inlet isin fluid conmunicati'8n with the first
transport passage such that the second transport fluid
passage receives transport fluid fromthe first
transport fluid passage. 3. An apparatus for
genglding @ mst as clained in claiml1 or claim2,

the second transport fluid passage has an
inlet located in the first transport fluid passage

up tre of t r ' St transport
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wherei n the work uid outlet is direct

e
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(. An apparatus for generatl ng a mst as
cﬁgﬁﬁggﬂ?tn claim5 or claim®6, wherein the second

t r anspattieddtwng Wﬂgeara;mrteﬂqud) passage)havmg asadondg
fluid pas adj acent the workin Ie are
artiaiped LIS Ietatd repeny vagseot Sud dhdgtiyhu
stésh@bhicahoRWith PRSFGEMEPHLIE PRYSEGe; tdm inlet to
an outlet nozzle in fluid communication with the first transport fluid
and working fluid outlets;
wherein the second transport fluid passage has an outlet located in

the working fluid passage upstream of the working fluid outlet.

2. An apparatus for generating a mist as claimed in claim 1, wherein
the second transport fluid inlet is in fluid communication with the first
transport passage such that the second transport fluid passage receives
transport fluid from the first transport fluid passage.

3. An apparatus for generating a mist as claimed in claim 1 or claim 2,
wherein the second transport fluid passage has an inlet located in the first
transport fluid passage upstream of the throat portion of the first transport

fluid passage.



the second transport fluid passage and the worki ng
fluid outlet. 8. An apparatus for generating a nis
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fluid outlet is |located adjacent the throat portion of
the first transport fluid passage. 9. An apparatus for
generating a mst as clained,in claim8 , wherein the
working fluid outlet is substﬁntlally per pendi cul ar to
the longitudinal axis of the first transport fluid
passage. 10. An apparatus for generating a m st as
clainmed in any preceding claim wherein the first

transpoyd a{)bé‘ﬂaﬂj@fb‘i@@ﬁ@r&m@ Anisiaid clainoed ihélaim 1, wherein
protrudes towards the longitudinal axis of the

t rthe:i;lmj(rjfhud tranqujh%%@%get memeéttfewp@ﬁ fisid rgm %é'g{té&urce
{ {
I TN rs'g%gﬁ r\sB gf‘ .&gfet %%@l\%@%é?ﬁggﬁtmﬁﬁ frbhfa

g%é%bﬁﬁ's@ﬁaﬁatmtﬁnspbheluiwsm&econpr| sing the steps of:
supplying a first portion of a transport fluid to a
first transport fluid passage having a first transport

fluid
s Ioa . '/g{l) ?PP ol%lttljéh {ozpeh%?éiﬁ‘@oé ?mH a4 Elafrbd o aﬁsﬂﬁr@edl c?
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portion hav ss sectional area which is |less

t i@t W@Eﬁm¥#ﬂ@pf%®PPthe first transport fluid inlet or
the first transport fluid outlet; supplying a working
fluid to at | east one worKking £1 ui d

e | ocated.
r i al | An apparatds {orerenerating @é‘ﬂ'SE @%ﬁ@ 3 9’? Ay greceding
' ! Ldihal
PR Syt e kg 6 ol i %&‘%‘? Rhwedd e i
f|am§ofﬂﬁpmghvanﬁknaﬂmdqnssageond transport fluid
passage into the working fluid passage, wherein the
second transport fluid passage has an outl et upstream

of7 t he Wor kdhgafusubegenéraihg a mist as claimed in claim 5 or claim 6,
wherein the second transport fluid passage and a portion of the working
fluid passage adjacent the working fluid outlet are arranged such that
there is a substantially straight-through passageway between the inlet to
the second transport fluid passage and the working fluid outlet.

8. An apparatus for generating a mist as claimed in any preceding
claim, wherein the working fluid outlet is located adjacent the throat portion

of the first transport fluid passage.

9. An apparatus for generating a mist as claimed in claim 8, wherein
the working fluid outlet is substantially perpendicular to the longitudinal

axis of the first transport fluid passage.

10.  An apparatus for generating a mist as claimed in any preceding
claim, wherein the first transport fluid passage has a protrusion which
protrudes towards the longitudinal axis of the first transport fluid passage,



inparting a shear force on the working fluid by way of
the second portion of the transport fluid exjtin

t he
WO%@@G?‘\%’ transport fluid passage outlet, thereby!® 2003001883

10

15

20

25

partially atom sing the working fluid as it passes
through the working fluid passage; and directing the
partially atom sed working fluid and the first portion
of transport fluid to an out et nozzle in fluid
conmuni cation with the respective first transport
fluid and working fluid outlets, wherein the
respective outlets are arranged such that the first

PQRd | liniefmbHRe bRy theodt dartivand outlet of
SEQ%P@S%%A g%@ngé?otgpt'?mgl |y atom sed wor k‘f ng fluid to

attbeties ttanspodfiiichpasdaged still further.12. A net hod
of generating a mst as clained in claim11l, wherein
the second portion of the transport fluid is directed

to1t he ﬁﬁfé;ﬁ:?éﬁ Sf Q@ﬁmnhgfal musd At\bes&emedfowmrismg ftier steps of:
transport ul assage. ratin
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whiiébotlethe supply of the first portion of transport
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t rigpstedrrhdiallyottwardiynef medmstdranmstﬁhnd phksige pad Hayieg a
is froma second epar nsport fluid source. 15.

A wetdsfiye '@Ghéf‘i ‘ga HE | ai med in any of

1T bSO gl o v r
second transport fluid passage into the working fluid passage, wherein the
second transport fluid passage has an outlet upstream of the working fluid
outlet;

imparting a shear force on the working fluid by way of the second
portion of the transport fluid exiting the second transport fluid passage
outlet, thereby partially atomising the working fluid as it passes through the
working fluid passage; and

directing the partially atomised working fluid and the first portion of
transport fluid to an outlet nozzle in fluid communication with the
respective first transport fluid and working fluid outlets, wherein the
respective outlets are arranged such that the first portion of transport fluid
flow imparts a further shear force on the partially atomised working fluid to

atomise the working fluid still further.
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stationary aerodynam ¢ Shockwave includes the step of
passing the transport fluid over a protrusion or a
recess in the first transport fluid passage. 17. A

met hod of generating a m st d8 claimed in claimi15 or
claim 16, wherein the nmethod conprises the further
step of passing the atonmi sed working fluid through the
stationary aerodynam ¢ Shockwave to atom se the

worXi nga fhdthed orgeRefatinid Mist as claimed in claim 11, wherein the
second portion of the transport fluid is directed to the second transport
fluid passage from the first transport fluid passage.

13. A method of generating a mist as claimed in claim 11 or claim 12,
wherein the step of supplying the second portion of the transport fluid
through the at least one second transport fluid passage includes directing
transport fluid in the first transport passage to an inlet of the second
transport fluid passage located upstream of the throat portion of the first

transport fluid passage.

14. A method of generating a mist as claimed in claim 11, wherein the
supply of the first portion of transport fluid to the first transport fluid
passage is from a first source and the supply of the second portion of
transport fluid to the second transport fluid passage is from a second

separate transport fluid source.

15. A method of generating a mist as claimed in any of claims 11 to 14,
wherein the method comprises the further step of creating a stationary

aerodynamic shockwave in the first transport fluid passage.

16. A method of generating a mist as claimed in claim 15, wherein the
step of creating the stationary aerodynamic shockwave includes the step
of passing the transport fluid over a protrusion or a recess in the first

transport fluid passage.

17. A method of generating a mist as claimed in claim 15 or claim 16,
wherein the method comprises the further step of passing the atomised
working fluid through the stationary aerodynamic shockwave to atomise

the working fluid further still.



