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woredobod74#or generating msts of very snmall

A N | MPROVED M ST GENERATI NG APPARATUS AND METHOD The
present invention provides an inproved apparatus and
dr opt BG82009/050626
whi ch have been shown to be beneficial in a nunber of
di verse fields. Exanples of sugh fields include
cooling, fire suppression and decontamnm nati on
appl i cations. W01/ 76764 di scloses a m st generating
apparatus which uses two fluids, primarily for use in
fire suppression. In WO 764 an aerosol of first fluid
dr AN MBROVED MISTpGENERATING APRARATIUS AND METHODa
gaseous nedium is passed through a nunber of first
fluid nozzles into a mxing zone. At the sane tine, a

st Tﬁé'ﬁ?@éerﬂ%érﬁloh Hre¢ibes ahrih‘bré\n% HHpEratisZaitemethod for
upstreamof the first fluid nozzles. The gas carries

t hgemenasing fmisiscofdrepy benad dropletsywhieh bave beenshowa to be

whj ch rays the co '.ned treamof first flui.d .

o BTN E oo e Tl ermpls i shih"ils include
PUESSIFTY, ffe y@pr@@éoh%nﬁ‘bé&@h@ﬂm@h@nfdpbﬁéét@?\%' forces
whi ch act on the droplets when they are sprayed into

t he atnosphere by carrying the droplets out of the

”0\?\?661/9876111%&?%?%% r“rﬁ‘éPgée\QQratY X dﬁ?ﬁ% tdés\ﬁﬁucﬁrb%egﬁo fluids,

eamto carr s o enozz

aepasarilyofor Useiﬁ fifd supbrdssioh eilrsW@ 76!4@& @@koabl @frfirst fluid
undi scl osed | ocati on upstream of ' 764
apﬁr&piﬁtﬁé' e. ﬂ@pﬁéoﬁﬁﬁéﬁiéﬂﬁcﬁq '§€I”F acﬂ?@@"Hétm%QiHW Iy

r i
oG S e AR I NG e PG el fohe. ! Abthe
cr sanedinp s steeamalf galsas \WjEkated natpptbe mumgcﬁou:lealr@retaheof

e Rau b ozPRs Ther s WaRs (BF TSt TUBERE A ypbeD an

Si g@tletMdzld \nﬁrchlgﬁﬂw@me%rﬁtsmba%tr\é@m7éﬂflr§pma%tra§|et§and
that it is difficult”to achieve a honbgenous m xture

of seeansl fiid fmtfgeaapparama‘ i The perpese (9 a6é¢$ tssregiuica the

anriehBiTa Bl of b e PR e bieSRe Spr o into the

f | girfodptRs889 @Wld%é'(ﬁ@ple@b@t 6 thaM@eBrRdn the gas stream.

WO 764 only uses the gas stream to carry the droplets out of the nozzle.
The aerosol of first fluid droplets is created at an undisclosed location
upstream of the WO 764 apparatus, and the apparatus itself does not
apply any mechanism to further atomise the droplets of the first fluid in the
aerosol. Consequently, the aerosol created upstream of the WO’764
apparatus dictates the size of the droplets sprayed from the apparatus,
with the apparatus itself having no effect on the droplet size. A further
limitation of the WQO'764 apparatus is that it is difficult to achieve a
homogenous mixture of droplets and gas. The first embodiment disclosed
in WO ‘764 relies on a single, annular stream of gas which is positioned
radially outward of the first fluid passage and nozzles. This arrangement

makes it highly unlikely that an effective distribution of first fluid droplets in



10

15

20

25

30

makes it highly unlikely that an effective
distribution of first fluid droplets inthe gas wll be

wa@edwayvads Such |imtations make unpredi ct abl ePCT/GB2009/050626

variations in droplet size and distribution very

likely with the arrangenent shogwn in WO 764. It is an
aimof the present invention t0 obviate or mtigate

t hese and ot her di sadvantages with the prior art.
According to a first aspect of the present invention,
there is provided an apparatus for generating a m st,
cotnergas wil: beatichieasd. Soeh Vionitietiogs Makiedurgarpgiciabi® nddiations

o P52 e Bl oYY S P Bt R
beiwg 7gy flui d communi cation with the working fluid

supply conduit outlet; a plurality of transport fluid
passages, each transport fluid passage having an inlet

o0 el diibtse TVBRIa 0 ot A% Rerticai fstnEPiner
ahdisédmégés aewi the prioriaftl et in fluid comuni cation
with the m xi ng chanber, an outlet, and a throat

portion internedi ate the nozzle inlet and outlet, the

| RSB b EfsTRY0R, & o RIS TN, Flofis/cbibeban

nozgparatug foegendtretingpmist] compryingur t her conpri se at
| east one wor king fl ui Eﬂﬁ;sa e inqﬁ@r nedi ate .t he, ,
wor Ki ngafflpa%org%%ariyn@ HiSL$4PPA, QORGHL RaWing gNdRigkiseiuid
wh s ikl j ,ﬁé}:ﬁ@gﬁr j tin
flﬁ(ls@hgucgﬁmé’fhﬁlr?mgﬂtﬂ? g%u&\})tyh&t e supp @%@gﬁ%hu?@eg’nd a

di anet ea firdtinoixingschassisert being irhBwidaomrmenisatiph yith the

condyi.t . .The apparat us, h a longitudinal axis, and at

I e‘é(gtk'%gu@fsq F?’éqigtp%llﬂfetfl ui d passage outlets may

be posi §ipRitaRtyfHRPsheF luRfbadsadest aaaetrbhpdrt Agid passage
| ongi tudinal axis than the working fluid passage

oub@éng Bndnist edapiedytogeceivamspmrly of iarspaak g endmiyoutlet
C°fﬁpﬁdié %oﬂwrﬂn&ﬁ]ggﬁo& \R/ﬁﬂ?ﬁé)Hixing chamber; and
a nozzle having an inlet in fluid communication with the mixing
chamber, an outlet, and a throat portion intermediate the nozzle inlet and
outlet, the throat portion having a cross sectional area which is less than
that of either the nozzle inlet or the nozzle outlet.

The apparatus may further comprise at least one working fluid passage
intermediate the working fluid supply conduit and the mixing chamber,
wherein the working fluid passage has an inlet in fluid communication with
the supply conduit and a diameter which is less than that of the supply

conduit.

The apparatus has a longitudinal axis, and at least one of the transport
fluid passage outlets may be positioned a shorter radial distance from the

longitudinal axis than the working fluid passage outlet.
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fluid passage co-axial wth the |ongitudinal axis, and
a plurality of outer transport fluid passages

wa@eoogaafses enti al | y spaced about the inner tranBQEDGB2009/050626

fluid passage. The apparatus may conprise a plurality
of working fluid passages, mhe%sin the working fluid
and transport fluid passages alternate
circunferentially about the |ongitudinal axis of the
apparatus. The apparatus nmay conprise a plurality of
wor ki ng fluid passages, wherein the working fluid
passages are circunferentially spaced about the inner

e B Oy 157 B0 A e tRBRY ERBFTRER e Eaesmor
f | ﬂ'uué ﬁ%%%é@@%of’eﬁ@’altvhm t‘h@tléﬁg’wcﬂﬁ‘&ws é‘rﬂdUe\ BIUPARY d9BGter
Alternatively, each of the working fluid passages nay

betra@mréfuuldezass@gescmmmfemenmaw smcsd ahoahmmner trangport
pagsage whereby the working fluid and outer

]ilﬁ@g)&% agFui d passages alternate circunferentially
about the inner transport fI UI d passage. The plurality

of _working fluid passages conprise i nner and outer
wof Re RgParaive Npysergedse m@#rellhy wawrbmsdbéd BASSIRS:

a_n\g,hg iff Ehé/‘?/bt‘iflﬁ‘@ Ll iy RQ@WM'W&SQQ{JQ? alternate

ci rcunferen spaced a I'NNer T ransport

f | circlnpfessatgdly ddoat the lengitodikanaxi$ bfithe pesatss bei ng
a greater radial distance fromthe inner transport
fluid passage than the inner morking quid passages

Ul L ERERRAlys M oiE g BRAREIY R rgTRAapeRadTS. 7

vvowheregn fcrheJWOrlpla@ flagepassageb sractrcamfgreptalbyl $pscedabicud the

s ol HonRgRrt Tt e snbe MR R RN fuid HasS20es Ay pibradially

SupssiehéRbbivarY RENAhEUr-aisgort MIE paB8AdE Bnd The outer

ap Par atus may further conprise a second m xi ng chanbe
ransport f|UId passages. Alternatively, each of the working fluid passages
may be located between a pair of the outer transport fluid passages,
whereby the working fluid and outer transport fluid passages alternate

circumferentially about the inner transport fluid passage.

The plurality of working fluid passages may comprise inner and outer
working fluid passages, wherein the groups of inner and outer working
fluid passages are both circumferentially spaced about the inner transport
fluid passage, the outer working fluid passages being a greater radial
distance from the inner transport fluid passage than the inner working fluid

passages.

The working fluid and transport fluid passages may be substantially

parallel to one another.
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internediate the working fluid supply conduit and the
first m xing chanber, wherein at |east one of the

woeandpand fluid passages is in fluid conmuni CBECT/GB2009/050626

with the second m xi ng chanber whilst the remai nder of
the transport fluid passages are in fluid

communi cation with the first mxing chanber. The
apparatus may further conprise a communi cating
passageway between the first and second m xi ng
chanbers, the passageway having a cross sectional area
whiTbé at edseene tWwaakingHiiid passagehisrsutrstantiglly baredlef to the
Accor cond asEF%t of the present invention,

¢ nePatdfial 898 R B APRBRERN ue 1 or generating a i st

conprising: a body having a first end in which a
working fluid inlet and a transport fluid inlet are
defheawriking flalic seeply cenduit andithe wosakiog fipi pagsagei rsay be

defin the ¢ t havin first end in fluid
oD e PR RER PR hE R ¢ ransport 11 ui ¢
inlets and a second end which is open; a first insert

adapted to be received within the open end of the
ﬁgﬁﬁpﬁ@ﬁtus My furthet compese aoﬁﬁqoﬁﬂri’@'xﬁlg ¢hegberone

LI e PR SATSH L ST 3 arer

t rahegein bt fdast dnp as tragansport fluiddpaseagesisciatiiui wi t h
the transport fluid inlet; a. second insert adapt

beCPBEY IOt & 3RR0RC RRING SRaBeRWH RS the .rgma'nder of
It Rﬂg;%g ﬂéar?éjﬁrttﬁlﬁd ?@gé‘??&gat‘éf intiiied FQﬁﬁﬂfﬁléﬁ% w ﬁ’feeflr‘%t mixing

ond 1 nser S a nozz aving a t r oat
pocharobenf reduced cross sectional area, and wherein
the first and second inserts define a first mxing
chanber between themwhich is internediate the morking

antihé LRRARANS nfelWﬂu?’th@ﬁéé@u%%e %%brﬁr'ﬁ@nfé‘éﬁﬁ#
| ocki ng  menmber adapt ed be received on The secon

i neeteeartbetfinet @@bwr@lﬂmmg ehembetsy thopassageveaychadng a
t hgros% %Etl&% ares %(?CH Eﬁgéé ﬁ1annthat of either mixing chamber.

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

a body having a first end in which a working fluid inlet and a
transport fluid inlet are defined and a second end in which a compartment
is defined, the compartment having a first end in fluid communication with
the working and transport fluid inlets and a second end which is open;

a first insert adapted to be received within the open end of the
compartment, the first insert defining at least one working fluid supply
conduit in fluid communication with the working fluid inlet, and a plurality of
transport fluid passages in fluid communication with the transport fluid
inlet;

a second insert adapted to be received in the compartment

between the first insert and the open end of the compartment, wherein the
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the conpartnent. The first insert may further conprise
at | east one working fluid passage internedi ate the

wowookilemy43 | ui d supply conduit and the first mRECTIGB2009/050626

chanmber, the working fluid passage having an inlet in
fluid conmunication with the s%ﬁpl y conduit and havi ng
a dianeter which is less than tthat of the supply
conduit. The apparatus and first insert are co-axi al
about a longitudinal axis, and at |east one of the
transport fluid passage outlets defined in the first

i nsesandhinget eefines birmzetd laawhg attbroat portadn of redaoned cross

SR LR AL A58y OB LS
PaghHasg ehabien8etidbr! enh Whidh isns@fheRYe ﬂWbEﬁ@g aAd

| nnerg?r ansport fluid passage co-axial wth th
| otignspalt fiad passegeannd shenazzei ayd of outer transport

fluid sages circunferentially spac bo t he.

nner © I e PRl b Yo @R G TP Seed Miggert and
defhenseoanl aHcpdi thi bodyWer &d osdduré theARS aB8SecBh@ ifidhts in
the working fluid and transport fluid passages

al thererineadmedlinf erenti al |y about the | ongitudi nal

axis of the first insert. The first insert may define

a plurality of working fluid passages, wherein the

ngrkJe mgsgfimsértjrrm&s‘aagersccamﬂisé 3tmfsteomt/\joallt<]ihg flﬂ'wi\pa@bage
about the inpertranspor ui ssage., The workin

f I RMsEkiatedas Wat '”SJ‘W%@P%‘P'VWB%%??%Gﬁ"é%l Mt KEy ghaenber,
in th ek i i

1 R R ey NS L NS QYD RRAl the

f | supblpassdyieandinaving @ demetdr bvbickeieness thainrthaf oftthe supply
outer transport fluid passages, whereby the working

f1 89 %hd out er transport fluid passages alternate
circunferentially about the inner transport fluid

passage. The plurality of working fluid passages may
cohbe ieppaiatne andiastinsert aveianipl fbauida pngigee| axis, and at

mfaé%g{ 8né B? tf‘%rt?élr?sspo% fldig rﬂ)%résgag oSHétgrdeWréﬁiiH the first insert
may be positioned a shorter radial distance from the longitudinal axis than
the working fluid passage outlet.

The plurality of transport fluid passages defined in the first insert may
comprise an inner transport fluid passage co-axial with the longitudinal
axis, and a plurality of outer transport fluid passages circumferentially
spaced about the inner transport fluid passage.

The first insert may define a plurality of working fluid passages, wherein
the working fluid and transport fluid passages alternate circumferentially
about the longitudinal axis of the first insert.

The first insert may define a plurality of working fluid passages, wherein

the working fluid passages are circumferentially spaced about the inner



10

15

20

25

30

fluid passages are both circunferentially spaced about
the inner transport fluid passage, the outer working

wo bavd4ppassages being a greater radial di st anceECT/GBR09/050626

the inner transport fluid passage than the inner

wor ki ng fluid passages. The working fluid and
transport fluid passages defi ngd by the first insert
may be substantially parallel to one another. The at

| east one working fluid passage is substantially
parallel to the |longitudinal axis of the first insert.
Thizamgpdt figidfdassdge.ugpeywarkmduiutid padsades may kienmdidllyi d

A T8 50 ok PR TS B e
segaRshdtt il HERaGEE! AltBERHAITEN 8hén bhﬁaeVn‘gggﬂfi@mElﬁiHLﬂa%sages

supply condui't and the first mxing c , erein
at mMay e logateddietiveenta pais pbine outar Hapsphiieid nasspges,

i DSt EEiRealicshd e PERERE 10K Aer ot Sipate
ar girduimferahtth| g @BBUn tHaihhentrah§port hgidf pdsstgsl Xi ng

chanber. The apparatus nmay further conprise a
comuni cati ng passageway between the first and second

m J >

o0 SRS R or RS B SR P KB HiReRand outer

m working fiakieassades onvibénein the groups of irespend mftet Werking
present invention, there is pr ?vi ded nmet hod , of

geﬁlé:'FJ H35Rg9eS Afesbothigymigrangat Y]ép%%g%b%lft:th% Upnyrangrort
a r‘. A . . .

71 DG IRSaa8 e ol b pesey e BhplrF g adl

t r distgroetfrdrh dinel intrfer dnagispart fluic péssageahan itiae sper wdrkingdluid
passages into a first m xing chanber downstream of the
WO %(? tuid supply conduit; atom sing the working
fluid by injecting a streamof working fluid

The working fluid and transport fluid passages defined by the first insert
may be substantially parallel to one another.

The at least one working fluid passage is substantially parallel to the
longitudinal axis of the first insert.

The working fluid supply conduit and the working fluid passage may be
substantially perpendicular to one another.

The first insert may further comprise a second mixing chamber
intermediate the working fluid supply conduit and the first mixing chamber,
wherein at least one of the transport fluid passages is in fluid
communication with the second mixing chamber whilst the remainder of
the transport fluid passages are in fluid communication with the first mixing

chamber.
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fromthe working fluid supply conduit into the first
m xi ng chanber to form a di spersed phase of working

wo bavdsamdudpl ets; directing the transport fl ui dPEIIGB2009/050626

di spersed phase of working fluid fromthe first mxing
chanber through a nozzle throat, portion having a
reduced cross sectional area; gnd sprayi ng the
transport fluid and di spersed phase of working fluid
froma nozzle outlet having a greater cross sectional
area than the nozzle throat. The m xi ng chanber has a
| ohge apdarals emdysfurthedcampasée imcconafunioating @aspageway

SR PSS PO, LR R RRETRE Sln
| Oagisk%@bﬂé\ﬁal%?ﬁéé wHEHist88d thn thbt 6heitHee n\'i\&rdg' cﬂﬁanﬁﬂ;éH d

is introduced. A portion of the transport fluid may be
i ntroduced into the m xing chanber via an inner

| oRGre e o & LR HIE FRsaRBLR A it shdfiges o
f | tiethdtyf @@weratm@duﬁgd QOnGpr rgiﬂ@ stes of: outer

transport i d passages circunterentially spaced

about tﬁéoplhlﬁ@ra preandpead wprlungjﬂplﬂst@a?@éeastwe\wnkmgﬂwd
O%)ﬂg i.at om sed by passing the working fluid

thr Ur ality of working fluid passages which

aI ter nalnerodur;lo’:lgnac suEply ofitrbyspért ﬁuﬁhﬁrm]ghfablurahtyfof transport
isport flujd passages about th i tudi nal axis
@U'Mﬁﬁ%ef’r N> @ V%B@“%FWQGH %%mrﬁ?ﬁ “B‘h@’ork'”g fluid
QCBH u,g through a plurality of wor king fluid
pass ges ich are circunferentially spaced about the
I nner t a@nsipiogtthe wdrkingdkshbye |njé'¢tmg/\a>streag1 &fl wordking fluid
ween the

b dially ti t
PR aER e ke SLBy coRgituB6e afst m'éﬁ@p%ﬁmwﬂpéorm
paé%ﬁ’eﬂ)‘é‘ﬁsed“t)hﬁéé‘éf\h/léﬁdlﬂg fleRcdropRitki ng fluid passage

be posi i oned between a palr of outer transport

fluid paisecipgsthewransepit fiuidangd digpessed phaseatiwelkirg fluid
t " #OHPRE tﬁrgtJ rH|xgngP a?asr%ggrsth%ﬁger{ 56}1 02zle throat portion having a

reduced cross sectional area; and
spraying the transport fluid and dispersed phase of working fluid
from a nozzle outlet having a greater cross sectional area than the nozzle

throat.

The mixing chamber has a longitudinal axis, and a portion of the transport
fluid may be introduced into the mixing chamber at a position which is a
smaller radial distance from the longitudinal axis than that at which the

working fluid is introduced.

A portion of the transport fluid may be introduced into the mixing chamber
via an inner transport fluid passage which is co-axial with the longitudinal
axis, and the remainder of the transport fluid may be introduced via a
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WO pentidan,

circunferentially about the inner transport fluid
passage. According to a fourth aspect of the present
there is provided an apparat us f orPCT/GB2009/050626
generating a mst, conprising: at |east one worKking
fluid supply conduit having an8i nlet in fluid
comrmuni cation with a supply of "working fluid and an
outlet; at |east one transport fluid supply conduit
having an inlet in fluid comunication with a supply
of transport fluid and an outlet; a first m xing
chplmwity béeoutgr itnankpaort ducbpaasaigeatdircamiérentialhespaced about
ective outl{3]1| of the working and transport fluid
%%'9”% OHARFRA MU DaS§A9E ni xi ng chanber being i n

fI uid communication with the first m xing chanber; a
plurali té. of conmuni cating passages connecting t.he
f i Tee wankingdicishtayibe aigrysedrby rassiagdhe waskingguidiiraggh a

2 nelo IRy of okttt BuRAEREAGESIyith A RAld Firaf
t hirenysiaediiey 6f eanspoft U paksaddeaboutant IGRyitudiml BRI, ng

a cross sectional area which is |less than that of
either the nozzle |nlet or the nozzle outlet. The

apRAL AdtRin NJIJ H{aé( 3 at eé(‘ti ﬁg p%tss{(?atﬁé \@}Elnﬂc’fdﬂi p\%ugh a

flurd pass ge 1n ng f supply
copldiality aﬁdzotlhnag fluidspagsiages gvmd:taatuemrcummmtmlllyrs@aced

oA BRTTS (RTSRORHI BRRFAgS oiOrking i cupassdces may
V"hbé?adléle)l §D§1[<Bﬁ@d‘Pfaﬂ\?é§rptfhetiHﬁe rPﬂU]S‘ s?gg@ﬁaé‘tthe
ing fIul

| east passage an transp
s uppley traoaprit flutopaasageat Altemativehe ebich Morlmngl fugd passage

ol BN e RO ORshaRGe 7 Ry Bl @ risRp bl Preseake.

| NRAER SR %l@éﬁé%ﬂﬁeﬁﬁa@ﬁo@ﬂ fluM PRséAfes alternate
| ongi t udi nal aX|s a plurality

circumferentially about the inner transport tluid passage.

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

at least one working fluid supply conduit having an inlet in fluid
communication with a supply of working fluid and an outlet;

at least one transport fluid supply conduit having an inlet in fluid
communication with a supply of transport fluid and an outlet;

a first mixing chamber being in fluid communication with the
respective outlets of the working and transport fluid supply conduits;

a second mixing chamber being in fluid communication with the first
mixing chamber;

a plurality of communicating passages connecting the first and
second mixing chambers; and

a nozzle having an inlet in fluid communication with the second

mixing chamber, an outlet, and a throat portion intermediate the nozzle
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of outer conmunicating passages circunferentially

spaced about the inner communi cating passage. A

i nvent i onP@I/GB20vOM50626
be descri bed, by way of exanple only, with reference

to the acconpanyi ng draw ngs, bn which: Figure 1 is a

| ongi tudi nal section through a“body or housing of a

m st generating apparatus; Figures 2(a)-(c) are first

end, |ongitudinal section, and second end views of a
first insert of a m st generating apparatus; Figure 3

i sintetlamdgoutled) thelthkoat podion tandiog b aiosesecitdniahaeza wbichas

m st _generating. ratus: Fiqure 4 is a |ongitudinal

sclBss A IR GLHIEST Bediarg il er Taf nazaf SulgEner at i ng
apparatus; Figure 5 is a longitudinal section through a
first enbodi nent of a m st generating apparatus

i ntbe popardtug maycfusbapoomprise ahteast bne Wagkingsluid passage

Figure 6.] | ongi i.nal sectiqn.thr econ
bt ® e yUReb Eh Shady oAl s st B PG Gparper.
a WwhBegdih tsk Wakking Alidopadsageuais & innatrid fla besh MRRica®bn avith
m st generating apparatus; Figqure 8 is a |ongitudinal
sethe SPihEHL and aWhametarduciisiessthan thas of the supply

ge cﬂ}if ng apparatus; Figure 9 is a |ongitudinal

section through a nodified first insert of a m st
generating apparatus; and Figure 10 is a schematic

illLustrating an egui val ent angle of expansion for the

no’b¢ &t E@é&gf‘ﬁ WH g'”@:ﬂq'i Bésﬁﬂ?o%‘?‘ﬁﬂ' ﬁf‘%F?Qﬂt ?'Hﬁ’es%pbf conduit

ge8shAtUNEhtERRR REYRst mixing chamber from substantially opposite
directions.

The plurality of communicating passages may comprise an inner
communicating passage co-axial with the longitudinal axis, and a plurality
of outer communicating passages circumferentially spaced about the inner

communicating passage.

A preferred embodiment of the present invention will now be described, by
way of example only, with reference to the accompanying drawings, in
which:

Figure 1 is a longitudinal section through a body or housing of a
mist generating apparatus;

Figures 2(a)-(c) are first end, longitudinal section, and second end
views of a first insert of a mist generating apparatus;

Figure 3 is a longitudinal section through a second insert of a mist
generating apparatus;

Figure 4 is a longitudinal section through a locking member of a
mist generating apparatus;
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A m st generating apparatus is generally designated 10
and i s nmade up of four main conponents, which are

WO bdosgsat ed in Figures 1-4. The first conmponePtT/&82009/050626

shown in Figure 1 is a generally cylindrical body or
housi ng 20 having first and se@?nd ends 22, 24. A neck
portion 26 projects longitudinatly fromthe first end
22 of the body 20. At the second end 24 of the body is
a conpartnment 28 which is open at the second end 24 of
the body 20 and adapted to receive other conponents of
t he apphigare s i40,longitudindl seetide duoupkad firet @nwbodiment of a

LA Lo Rt e

conpgui t, 30. The transport fluid supply conduit 30 has
an inlet 32 in the neck portion 26, and an outlet 34
whi ch obigtise Brig 8 lomngitustingl saectiem threggh areecondresploediment of a

fluid supply conduit 30 has a diverging profile, where
th@“sgrggggp%tﬁ]@[?m#ugrea of the conduit 30 increases

as it eRigerslg i¢ bﬂ@rﬁ%fudirﬁtﬂ seetiyn ttoligea thive enfbclimdat of a

towards the outlet 34. A second supply conduit, or
worigtiggnerafingsapArgtusonduit, 36 is al so provided in

the body; '

nody 20" SPH Wb PR I ey BboRBf s eModdifent of o
i ningst g3Beaatirigh@pearbiers; or of the body 20 and an outl et

40 whi ch opens into the conpartnen

, th npa t 28. Thus,, the
t r anspof 9UEAE 1981 RAGIAN][isgCHOp pIrpUeB fduPredieddiraignggré of a
su ' . ar to one another. The neck
poﬁﬁt?%hggétg&dﬁé}tgﬂe’%ﬁ et 32 are adapted so they can
be connkigueel 10ds a sshamaticafustnading @or equivaledt gmgle of
shown), .whil e the r Ki fluid.inlet 38 is adapted.so
© hAPAsdhlor ol BeriRcised fo e Suak Erpdimnd of e s
(ngénsaaMg appahfusecond end 24 of the body 20 has a
projecting It p portion 42 of reduced outside dianeter,

where at |east a part of the outer surface of the lip

o habEaRfsAERB SPPaflnY adhdtaly UBREnaRRLI AT gt of

f i forik mdlh cohmpahedtss whighbireonustratearih Figurasd -4 second,

or nozzle, insert 70, which are shown
The first component as shown in Figure 1 is a generally cylindrical body or
housing 20 having first and second ends 22,24. A neck portion 26
projects longitudinally from the first end 22 of the body 20. At the second
end 24 of the body is a compartment 28 which is open at the second end
24 of the body 20 and adapted to receive other components of the
apparatus 10, as will be described below. Extending longitudinally through
the body 20 is a first supply conduit, or transport fluid supply conduit, 30.
The transport fluid supply conduit 30 has an inlet 32 in the neck portion 26,
and an outlet 34 which opens into the compartment 28. The transport fluid
supply conduit 30 has a diverging profile, where the cross sectional area
of the conduit 30 increases as it extends through the body 20 from the

inlet 32 towards the outlet 34. A second supply conduit, or working fluid
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in Figures 2 and 3 respectively and are adapted to be
| ocated within the conpartnent 28 of the body 20.

wa@eopast4ment 28 Referring to Figures 2(a)-(c),PCheB2009/050626

first insert 50 is a generally cylindrical insert

which is |-shaped when vi ewned HP a vertical section,

as clearly seen in Figure 2(b). In other words, the
first insert 50 is thickest at its outer perlphery

with the central portion of the insert 50 having a
reduced thi ckness by conparison. The insert 50 has a

f i sppleedndeit S66i2 adsal peovadetbimdhe roddly &0cartdl exteadk tlmrbugh a

2ot o By BRI AT o WeraG ik S EanSlt 36 RS ER et

| ng@oh thE e&?e?lo?'bfw%é‘y 20'dpeVah é@tleﬁﬁ(ﬁ%h%ﬁ%ﬂ&ﬂ%%e
the circunference of the outer periphery of the insert

50compadment P8. dagis, e rarsparthamncivogkiogVigid Semy cordiils

- SRRttty PR ulel o dheCArlq S e, B8k poion 26

anén@/@ﬁ ilinen B areesddpled o dhe 6@1 besehhebtedha\eesdurts bf
and second concave cavities 5 reiﬁectlvely,

f ofraeParhByidi (ROt $HAVENG NP S Mt%'@ﬂﬁé'lui infe{ 3$uigiadented so
' nﬁ’\%”[ t rﬁgyégg %g\%hgbt‘éhﬁoca &ﬂﬁ'&% P‘ﬂpﬁg fﬂp osépo?gﬂoﬁﬁfo?ﬁe

cavi rea plura ssages

t r@mm@rérbd Pdiiod lthmbedt;gee ha§(hm|r,)|f:3>(j3é1:t|ngrl||o:c psmﬁon f42rcﬁtreducc:)ed
passage 60a is located in the centre of t insert 5
sutHiStdefiameters where g lgashamarkolt ﬁgﬂutt%ﬁ%éceﬁ itge fip
Shq_{)ﬁﬁn% |%ﬁ0b|8§8%ltf‘5§tfﬁ’@9%3@@t GowAiPl ed apparatus 10

e outer fIrrst passages are ci'rcunferentially
spaced about, and substantially parallel with, the

rst passage .60a and t dlna Xis L, .
hERb bt CaBPaRa dand Mont ding HPpatAlds B¢ p3ieC o fuid
Suﬂ%ﬁfﬂﬁn@ﬁ in%eWBO%hcﬁa%%éBﬁ@' or6n”oﬁz$e fr%éf?ﬂo wWhRh are shown

channel 64 extends around the entire circunference of

t hia Figeeas:2 eod 3pespaclively aadiese pdapieddode lohaiedgaithinghe
worrhg et a5y Gg8 gL P P 0oty conaui t s

66R§fe?r|ﬁgI|&$F¢yUregQ 3)-(eRrtpe MiektGrdert 50 ¢ hR@nerally cylindrical
insert which is I-shaped when viewed in a vertical section, as clearly seen
in Figure 2(b). In other words, the first insert 50 is thickest at its outer
periphery with the central portion of the insert 50 having a reduced
thickness by comparison. The insert 50 has a first end face 52 and a
second end face 54, each of which can be seen in the respective views of
Figures 2(a) and 2(c). Each of the end faces 52,54 of the insert 50 has an
annular groove 56,57 extending about the circumference of the outer
periphery of the insert 50. Located in each of the annular grooves 56,57 is
an O-ring seal 58,59.

Because the insert 50 has an I-shape when viewed in a vertical section,
the first and second end faces 52,54 of the insert 50 have first and second

concave cavities 53,55, respectively, formed therein. Extending
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first passages 60 and |ongitudinal axis L. The supply
conduits 66 extend radially inwards through the insert

whnd4ime circunferential spaces provi ded bet MeEBGBRIVE/050626

outer first passages 60b. The supply conduits 66 all ow
fluid conmuni cati on between thg,channel 64 and a
plurality of second passages, wor king fluid
passages, 68a,68b |ocated at the radially innernost
end of the conduits 66. The second passages are

di vided into two groups whereby there are a plurality
of longitedinaly tmdugla §sxninesrtBearachtuidlyptanrescting thod fikstibad

gggg%gﬁo $%SVS'%€%0§? gﬁﬁrﬁﬂ @Ufﬁi}ya?{]@ﬁfs ﬁézﬁoﬁ%@ﬁagﬁ frdnsport fluid

| opgddaddisneba 8YbS An MAdr fifke phssade b0 iFoRaRFIBAEe centre of
60a, 60b and thus substanti al | y perpendicular to the

s uthe! ipsed AAEUCE that it Theo-sxiebwith palosgtiedinaisaxis Bishasee bm the

REeA A e GBS e AR BRubEiSadel

Seé@@rd@@ﬁf&?@ﬂ%ll?&@a@@@ aBbet, eht Gulteiealy phralleFRan e@he
about the inner first passage 60a and axis L, with the

oum@ﬁrﬁiﬁé@ﬁésﬁﬁa%%@é@débﬁ lgngityginabexisdd radi al |y
outwards of the inner second passages 68a. The second
passages 68a, 68b aresubstantially parallel to the

| ombe ingdirha0 akoi lvadan eatemelircuaserichéalf sSurfdcegs pagkieh a
60 , 60b. The re Ialveradlal dmrcum‘erentlal

go% QW"IﬁH@Afd? f%r -othe ﬁ@a’F”@ %zﬂang%ew dfREAWER can
bgcugcgﬁﬁwfe?ﬁrg:{é bﬂh@'uﬂé’ér? 8! E&teerﬁéWfd@l@f @v@a@&é thrgbglﬁmb

t he secon passages are raai
anmsertrwjﬁtwrertbetchahhgl %anaeai piwahtg af wwlglngdhuﬁdjsmmmy

e S, P8 395 icaniy S Rl S s BnRalEl painepdispiarda the

S Ofja8 phEs Y& sre;icmafsld'lckﬁgq7 Gﬁﬁl‘l‘@xi@al_ssﬂg@%uéﬁ@ c@%au.tg B8 gextend
second nozzle insert /0 can be seen in Figure 3 .

wi tadiallyenwards threwg thesiosenrt 199 i8 ée® ﬁmcmmwentlalcspnages

RN RPN ek ke AR L e Sl connp o

l nélﬁivt/ flél durdmunication between the channel 64 and a plurality of
second passages, or working fluid passages, 68a,68b located at the
radially innermost end of the conduits 66. The second passages are
divided into two groups whereby there are a plurality of inner second
passages 68a and a plurality of outer second passages 68b. Each of the
second passages 68a,68b is substantially parallel with the longitudinal
axis L and the first fluid passages 60a,60b and thus substantially
perpendicular to the supply conduits 66. The second passages 68a,68b
have a substantially constant diameter which may be less than that of the
supply conduits 66. The inner and outer second passages 68a,68b are
circumferentially spaced about the inner first passage 60a and axis L, with
the outer second passages 68b being located radially outwards of the
inner second passages 68a. The second passages 68a,68b are
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a nozzle 72 defined therein, the nozzle 72 having a
nozzle inlet 74, a throat portion 76 and a nozzle

wouibaet74¥8. The nozzle 72 is co-axi al wth thePERGB2109/050626

and the throat portion 76 internmedi ate the nozzle
inlet 74 and nozzle outlet 78 S a cross sectiona
area which is less than that of“either the nozzle
inlet 74 or the nozzle outlet 78. It can al so be seen
clearly fromFigure 3 that the reduction and
subsequent increase in cross sectional area through

t heubsiaatiadlyfsaratel io drerkongitodimal axiels lag wedr 3s tg first

ext er nal Qg%% 6n the nozzle 72. In other words, the
noP2$%A9FS Q0tyot i nclude any sudden step changes in
cross sectional area, which would create steps or
niches in the nozzle wall which would interfere with
t héhe Irelative ragial anst eirdunaieggntiat pesiions loéeach pgthe first and

therefore nui_ne converagent -di ver. t—nozgl e I\S.

SRR e oD N e b SEBATA PO B AL R Elfief 2 can
supgseenitifatithe wetbed phbsaE 684 680 Bfg Facallynged t 70 has
first and second ends having a first end face 7 1 and

a SE:on@rentially spaced soasstpadirioparythe Anngrdsgleoansags 60a,

| Bl o5 Rl Tut petssbh BB dregutaly s Sy Gentid .
ar spaced deaetd sueoond thedesarniopasshgeb®8argdy.t 70 and

an Oring seal 82 is located in the groove 80. The
nozzl e insert 70 has a reduced dianeter portion 75

adj j atg:on t :

ot hE SBon RS HE MEEET0 ca e S BIF Bl T ME Qi B s

di msettenO, pue second/iBsertgdk ise geaerrallyutyhedticd| ane i3 To-astidlofith
faces in.the direction t he secon d of the.in t
O ETRE R COTRRRENET Y TR 8 galta: [2e Sot ipseR 7 has
| 0g ot gl eNENBESinRPtheVdth Clhel foSOM Walingl IHHEZ14 inlef™e a

| ocking menber 90 is preferably in the formof a rin
whifgpatreartien 7orand @ naezle audled?d adtieanazalsohd isscetexiahweh the

SSaghs a3t B aBE BB Sbn R PR RARE B Ths R Ly v

96n&2zle bheef 78 Bhs bairesPsedtional AfeaPRRItH i9NeddBahithatof either

>! torlmee nozzle inlet 74 or the nozzle outlet 78. It can also be seen clearly from
Figure 3 that the reduction and subsequent increase in cross sectional
area through the nozzle 72 maintains a continuously varying external wall
in the nozzle 72. In other words, the nozzle 72 does not include any
sudden step changes in cross sectional area, which would create steps or
niches in the nozzle wall which would interfere with the fluid flow
therethrough. The nozzle 72 is therefore a genuine convergent-divergent
nozzle as is understood in the art as being suitable for generating

supersonic flow therethrough.

The nozzle insert 70 has first and second ends having a first end face 71
and a second end face 73, respectively. A groove 80 is located in the

outer circumferential surface of the insert 70 adjacent the first end. The
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face 92 whil st the second bore portion 98 opens on the
second side face 94. The first bore portion 96 has a

w@ematier4zli anet er than the second bore porti onPOBGBIWE/050626

variation in diameter between the first and second

bore portions 96,98 creates an i\but ment face 100,

which faces in the direction o? the first side face 92

of the | ocking nmenber 90. At |east a part of the
internal surface of the first bore portion 96 is
provided with a thread (not shown). The second end 94

of grtdwel&ﬂ:@ktagdsrermmd the erdine becymbaredesl ohinehineert 70rand an

o uibare 7 BhecHtedin e woRbetooHeNBrAS I FRBRSaY
t hn%o%lé@éfo@érﬂétel%omd?ﬁ?@ BHjRSnD M $dndBHE Phe K/Bﬁatlon
various conponents of the apparatus 10 as descri bed

abb@@%ﬂdhaﬁmﬁﬁrédﬂlameﬁﬁ@f the Ins@rtn® mm redeiced igmeter

conpapliriredisa bRt iie 2uhBaTahes kehEsliftyan of the

Th§e¢dndeérﬁwam|eaﬁ§§@vopf t he corrpartmsnt 28 and the
external diameter of the insert 50 are such that a

close, sealing fit is achieved between the insert 50

an i S

ot ffabasioGilent dt e bBBalMIC10 198 10k fPMeFfthed00, which s
f asleowi2 'mF}g}“h@ 31 rT&ﬁrlbclalhgtrzembeg 80&5& ptegélihbgj in;tge form of a
transport ui su condui t int ._As a .
a0 PG e bk ke Tase TH e AeRIDAISE Tck S41BNS I cking
co r
coferider b b pbore BSeiRGTRALGR ™ WARNAL FahricdFrro st and
supgtonacportians 98M48. sThenfifst bioce porrmurQEi:apermwomthmfmslhelde

h 64. af th
C PRB T2 VeI ink REcoRT Bote.Boltion B ePene @ Hesedtindsde fape

t hg4 baelg 1i2&: bc@égfbrﬁcﬁ}ﬁgé Ihasta grfé%@értdléﬁetéi tR8S the 88coridSore
second insert 70 can be inserted into the conpart nent

28peitiant9¥e e vadatondindametertetyedy trofirshangisegonadore

cohfipbhekioe iy FnaBliheR fafe APRLEhsR t5bof inthetisron

I NgEtht fiFet Side fadecd2 bhde |@cmhg$ﬁemb@abong\tﬂeést iaSpart of the

achi eved between the insert 70 and the body 20. We

t hivteyaabsigface of the first bore portion 96 is provided with a thread (not
shown). The second end 94 of the locking member 90 can be provided
with one or more apertures 102 adapted to receive a suitable tool for

securing the locking member 90 to the remainder of the apparatus 10.

Referring now to Figure 5, the various components of the apparatus 10 as
described above are assembled in the following manner. Firstly, the fluid
distribution insert 50 is slid into the compartment 28 via the second end 24
of the body 20. The internal diameter of the compartment 28 and the
external diameter of the insert 50 are such that a close, sealing fit is
achieved between the insert 50 and the body 20. When the insert 50 is
correctly positioned within the compartment 28, the first end face 52 of the

insert abuts the outlet 34 of the transport fluid supply conduit 30 in the
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insert 70 is correctly positioned within the
conpartnent 28, the first end face 7 1 of the second

wo p®ent7439 abuts the second end face 54 of thePET/GBR009/050626

insert 50. As a result, a mxing chanber sharing the

| ongi tudinal axis L is defined §>y the nozzle inlet 74

of the second insert 70 and th1e second cavity 55 of

the first insert 50. Consequently, the body 20, first
insert 50 and second insert 70 are now all in fluid
conmuni cation with one another via the previously

debaody Bed Asaar reésudts thepaisttad gdsofahe traosdait tflsiddedppiy donduit 30

B S PG B o
59sé &t Rld isOppl et:o'ﬁ@lﬁﬂ% |§Wﬂﬁ@c®n5r41uﬁfcahbﬁ V\ﬁthrtﬁb channel
insert 50 provides a sealing fit between the first and

setd ot thenweettS0s0T e O- @1913613|y58 bﬁwedasrﬁasealm fithedween the
se d i 0,/0.a | ocated in their correct
poﬁ§$Fgﬁ@ﬁﬁag&ﬂgu%gﬁ%%?ﬁnent 28 of the body 20, the

| ocki ng menber 90 can be pl aced over the second end of

the second insert 70. The threaded portions of the lip
4206f39tﬂh%f'fﬁ§¢riﬁe'2b'se\'ﬁ@Oﬁl’ﬁ'@nf thesseconddnsele é0gandse ingerted into

cgtgpﬂmﬁh n‘% Fagotggesfe% d‘@n‘d*‘?@BFth%rkad"yeéo SRSW%t{)e

Ing ne can e screwed 1nto pOSItIOﬂ

wafirsofnsertt 58 Ithé¢ nﬂérr&ih d\aﬂr)eteneéﬂiee@bmmmnbhm&aedtﬂme es
102 in the Iockln menber 90. The | ock| menper
scPEREpl giarpeten of glﬁﬁe%‘dljﬁﬁ?rt 7P|?éerSéJ§Bég@‘i @/8'°§6u§$ﬁiﬁ‘9 fit

f ageschiduch B Rkh e H2ERNF0 & é iy 900 Vihen A khitha

conme up agalnst one anot hi s
t alneartﬁl(lajse;orrtelcéy positioned wlmmedcomperrtmen‘s% Thedirst end

bolamed e smePRd ilasbzo 26065 e SRtand s Aok i ol He st
apih@éﬂtﬂeﬁ A aqB8IIalLH G cﬁQ?ﬂNb@?sH@ﬁr&E tm@&ngmm ais 0 is

particul ar reference to ure 5. In
t r d@féast by theuneizzle inlelt fbati @cseropodwlrasqwo abldéhg éecerd

I e
1 e gl el upS9BBOT e By Jht oo 25t PR 50
wWhasd sseshdlingertsto aehew barin Ak @inindAidatisn Wier éne another
fluid, but in this preferred
via the previously described cavities, passages and conduits defined
within these components, as will be described in further detail below. The
second of the O-ring seals 59 located in the second end face 54 of the first

insert 50 provides a sealing fit between the first and second inserts 50,70.

Finally, once the first and second inserts 50,70 are located in their correct
positions in the compartment 28 of the body 20, the locking member 90
can be placed over the second end of the second insert 70. The threaded
portions of the lip 42 of the body 20 and the first side face 92 of the locking
member 90 cooperate with one another so that the locking member 90 can
be screwed into position by way of a tool (not shown) inserted into the
apertures 102 in the locking member 90. The locking member 90 is

screwed onto the body 20 until the respective abutment faces 77,100 of
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exanpl e the transport fluid is air. The supply
pressure of the transport fluid may be in the range 2

W0 2004041383, or nore preferably in the range 5 POI/282009/050626

bar. The transport fluid passes along the transport
fluid supply conduit 30 in the %i rection of the arrow
Tinto the first cavity 53 def? ed in the first insert
50. Once in the first cavity 53, the transport fluid
separates into a nunber of flow paths as it enters the
i nner and outer first fluid passages 60a, 60b provi ded
i nthtehsedoindsnsénh Z0rand3ae I@@(imgwmambmépﬂ)comélup agdihstvane

I the fi t. fl d 60b th t
meéwﬁtae&ﬁ%bé?h'am%l{@la DEEehhe it 8B4 shACHA FEiHs £. 6 are
t hrnhil held Irf‘é@sr ﬂior?’%aﬁﬂﬁné%@i wekh th@'b@H¥-Q‘ﬁ) éﬁd ih'é%cklng

second insert . The various transport

expentbead. corre |nto contact with one anot her |n the
m xi ng chanber, thereby creating a turbulent zone in
the m xi ng chanber. The transport fluid enters the

M Xhe gnArirariae whikrdigle dprahaRisesonsraiiy cal hdwae described,
relatively low velocity. At_the sane tinme as the

t r a@aipayith particdlar sefleegnng torftig wgue-e initialtyo attrrnspp kb st
k
| PR e o 181 B S e
sum@ tyanspesisiuie supplyhelet 32gah2ré ared vaaiety ofcfitids which

kel e o g B S5
pr QXérﬁﬁ% thg tﬁarrﬁrogﬁqmld?% alrgsménggpb@?pr%%%%rtﬁe traHbSort

t he wo can s but in
t hilsigmedye be anl trexeangee? ics4vaberar naret prefavablyi inghé range 5 to

PnedRar: nh8 thhshar Wi trskecuting e REnodrE R SupbRt srrouit
fi864n tHeS@Fdctiof-of the awe)w«r r}&ofthéunﬁbt%@mt;g BS rdefnh@mn the first
around the entire circunference of irst insert 50

vi @serdkHaneein b firghcawtyl 33 she tranerert fluid sepdyates inled

64 TupREP BEIER HatnsSs i Shiers the FH%er Blfte} (7% R} HEspoes

SUPPA Bosw@l\wué@ ibthd first iM@eftisstAS mtrzan&sbrafn@idfﬂowsﬂeave
i nwards towards the Ion%ltudl nal axis L of th

pth freLAUId seages ARRAOBIAeY Bhter ke Buppg ehabtheridesned
660! e8nd cavity 55 of the first insert 50 and the nozzle inlet 74

of the second insert 70. The various transport fluid flows expand and
come into contact with one another in the mixing chamber, thereby
creating a turbulent zone in the mixing chamber. The transport fluid enters
the mixing chamber under high pressure but with a relatively low velocity.

At the same time as the transport fluid is being introduced into the
transport fluid supply conduit 30, a working fluid is being introduced from a
suitable source at a preferred supply pressure in the range 2 to 40 bar,
most preferably in the range 5 to 20 bar. The working fluid is introduced
into the working fluid supply conduit 36 provided in the body 20. As with

the transport fluid, the working fluid can be a number of fluids but in this
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fluid turns through 90 degrees and enters the inner
and outer second fluid passages 68a, 68b. This 90

walegpaer4szir n destabil i ses the working fluid, |iPCT/Ee830000950626

the I evel of turbul ence therein and enhancing the
atom sation of the working fl u'fi in the m xing
chanber, which wll be further described bel ow. The
transport and working fluids can be supplied over a

| arge range of mass flow rates. The ratio between the
mass flow rates of transport and working fluid may
vaprefeved eaampéd isrwater.r Asdiee farookmg0luld passiesithGoughGhee

t he rking fluid reaches .the outlets of fhe second

£ | WPHRG 0B RupRyaORRer 56, (LeRieBhsrcrasiel R Pro\ified inthe
I npRetistof theMrs@iRBed 800 MTthePRs AQE fIGidPABeh Mo Afd&ind the
m xi ng chanber. As the injected working fluid streans
coemriirertircupderence ofithe first énsarbd@Mia thechannehed mikich ges

chapber., fricti | forc bet h wo | ead to the
o BRVERD R v REene e 5t PREGRE AST oW wERBg)fe

f oganiel duofealerkiig AaidkdntgrsitheipiuralityeoftradUE@RSIP conduits
gener at ed bE t he tran5ﬁort fluid entering the mXi

Shaw B ineistinesTahand flews impatss ovREts Ge legaitusiiaal axis L of
t Q41 ' fast ; ' (Y h .
£ hl8 Atarafsp AR IHET Srile SyBbG SREAS b A

at fuid satnschroveth@ degreesid my@tte by thichrner @stotiter second fluid
i nvention. The renﬁi ,niregjg st ages of the atoni sation
- degre

meRRA9EH Q5E0R0-i Ahis duripdestabiligeg fipavatkig igid,

T . . : . o o

oo R e eV LGS o Bl Rt idation of
nottwel workimgetiuid4n thiehmixgngdbambeedubeich ovill be fartlogrsdescribed
sectional area between the nozzle inlet 74 and the
no28P¥ t hroat 76 I eads to an accel eration of the
transport fluid to a very high, preferably sonic,
velocity. This acceleration of the transport fluid

me&he tiahaport kedevorking fuids can peguppiiedovaca dargetraege of

h BBRE B (d5" HORld el R SEL NS0 S50 R A anc

angotigg flQidzhay Varpeyer.a preféfied pardd Romat0:eaeh :1y.opl et

cl osest to the
Once the working fluid reaches the outlets of the second fluid passages
68a,68b, a stream of working fluid is injected from each second passage
68a,68b into the mixing chamber. As the injected working fluid streams
come into contact with the ambient gas in the mixing chamber, frictional
forces between the two lead to the atomisation of the working fluid
streams, thereby forming droplets of working fluid. The turbulence
generated by the transport fluid entering the mixing chamber ensures that
the droplets created by this atomisation of the working fluid are spread
throughout the mixing chamber. This is the first stage of the atomisation
mechanism employed by the present invention.
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nozzle throat will be travelling faster than the
portion closest to the nozzle inlet. This subjects the

wowookilemy43 | ui d droplets to shear forces and | eBCiEGBR009/050626

them stretching or elongating in the direction of

flow. Wen the shear forces excged the surface tension
forces a further atom sation ocCurs as the droplets

def orm and break up into smaller droplets. This
shearing action is the second stage of the atom sation
mechani sm The reduced size working fluid droplets

| edke remainig slagesof tag atdniagdtiore mechagism aoclirpodisé hbyzle

oult &f hrsemsaralis {8 ThE WarkR T RRnels T amiNaG Shfmber
Nogrd &artiBd %@/tthé QurbbfiH @@WePpbH Yluid iRt tHeoMo244d Qﬂéttm The

transport [Fui d under goes an expanS| on as it | ows
f rgﬁa éerMCtJQlﬂ ipoiasseecienal@iaa hetween the m@zzlamlerr%ﬂ gnd

080 HEP AL A G 404155 o

nunfgar pferdth s@fic Wb Thigiadcdlertlort &F.thé dahispeafiurRD
of the droplets is the third stage in the atonisation

me@Ranp dhatdhpreopaiveigcitharasiey @efossiperdrpiets of warking fluid
h |
the tﬂé%n@%@p@ggeegﬁ!}ﬁ B B ﬁ@&?%&%gkr%ﬂﬁéﬁog]nﬁ’%&wg% thE rlozle

a disperse as a m st.
opietettanathe oudizle thmnt) tazethblportiohodegth tiupletatadest Ithe

b bsoni bet he thr
ggg?ﬁg%?#@gg%'c%gah%w% ga%%’in‘ih@?‘ t@%%oﬁqrﬁgl}qgﬁt\;@ the nozzle
thi &pPerfifd b@@e&t%r{%tw&ﬂﬁ Hﬁgﬁét@% sh@ﬁ fdr?é‘é hRd 13 to

g of its

regi on may supersoni ¢ “al ong sone or
I eﬂi@r’rm streiching dreclengatirgpini tbemctmn péflown é/t/herg thenskaear

%ck wave e&%her r%gtv%/een t fa,[ E ian t76 and
Hoz X < 161SIPR °rﬁ8§f| g Igglionpecurs as
exﬂ\%rd]%blet@dé’fdﬁrrﬁé’r&ﬁbﬂiék%pmto shfélléh@ﬁfblét@eﬂ‘hﬁs! §¥kearing
conditions at which a shock wave occurs, it may

pr adtiafeisdhe sacond aiage! @tthﬁﬁm@ﬁtlm@maﬁlﬁr@lue to the
sudden pressure rise across the Shockwave. Figure 10
shows schematically how an equi val ent angl e of

expae seqlitddosizé herking Ziued d’rZ)praﬁ |y eCtb Gidzatectthradten® atheery

°f ﬁlsé% gr?g tplogglgly saorn(?c{;l Sve(ljgcrtty As previously described, the nozzle
outlet 78 has a greater cross sectional area than the nozzle throat 76.
Consequently, the high velocity transport fluid undergoes an expansion as
it flows from the throat portion 76 towards the outlet 78. This stretches the
working fluid droplets contained in the transport fluid and causes them to
break up into a number of smaller working fluid droplets. This tearing of
the droplets is the third stage in the atomisation mechanism employed by

the present invention.

Finally, the droplets are sprayed from the nozzle outlet 78 in a dispersed
phase as a mist. Depending on the operating conditions, the flow through
the nozzle 72 may be subsonic in the region between the throat portion 76

and the nozzle outlet 78. Alternatively, the operating conditions may mean
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throat and outlet, and the equival ent path di stance
between the throat and outlet are known. E 1 is the

wo 20vas74eaf a circle having the same cross sectPONaB2009/050626

area as the nozzle throat 76. E2 is the radius of a
circle having the sane cross sggtional area as the
nozzle outlet 78. The distance i s the equival ent
pat h di stance between the throat 76 and the outlet 78.
An angle b is calculated by drawing a line through the
top of E2 and E 1 which intersects a continuation of

t hiha¢ the v émthislregian ceay besupersomin aloaggbmeborcahof its

ith b d fr | e draw I :
B R o S i WP e
angefWtRnthetRie plrtionTE afdwhe AbEAE cufet B8 Odt tRE PRBSIeVutlet
Y for the second fluid passage can then be cal cul at ed

by7&onexieyiahtp thecappegatish! ylnadhpae pperaiingtcanditigmnsra which

o spelR SR e iR, AR T EE 2 Jaul BrEREEN 5 HGp Higgpiahism
ougligto #e Qiddemepressdiearist’adroys it SeboMaeivel. 1 and 28
times larger than that of the throat portion 76, such

that the area ratio between the throat 76 and outl et

78efurd 46 SHB6A s%héﬁ]d}?%)én?ﬁ@ﬁ]ﬁ(g@g@y%@ t eéglg;wte%zggﬁsion for

The®Cross sectional area a

nothel ozeke MR yrantst caicwhtdalbhen tee beisesentidnal areds bf the
tipes larger than that of the throat portion 76, such
<ﬁ ﬁ‘@at and

t hYOogtRNGhelet, apd 8”%%9%@'@”% ARt ¢pigace PEIURRN Bif
780t9tflette’?§_kﬂ8%l. E1'ts the r&rﬁfﬁl%?ff%r&rd@ﬁéviﬂb%@%QFHe)/cross
between 5:7 and 2:1 1.

I'S I ncrease I n~cross
sese¢dtonal amaezs thet nezate threat Fe.0&L 19 thearatlivaiof @circle having

{ o R GERS S HAOBF BERVRe TR A0l cLE Galanead i

angieceq(iiviletpath didtahc® belwsebing Brdave®ar tetodtfet 78. An
degrees. Performance data obtained in tests of the

appagletfuls cateukated pyrirgwirg B ling thrasgarihedop of Fatang &1 which

be e | t oht ai [ .| aser, .

o Pistserean bR eRel ¥ g SO OLPER: U dlibetiledlr T angle 8

dr e elthéd B meaRdrateirber AScalBirgaing el shiulalée frdat a

was neasured 3mfromthe nozzle in .
trigonometry using the radii E1, E2 and the distance d. The equivalent
angle of expansion y for the second fluid passage can then be calculated

by multiplying the angle 3 by a factor of two, where y=2p3.

For optimum performance of the apparatus 10, it has been found that the
cross sectional area at the outlet 78 of the nozzle 72 may be between 1.1
and 28 times larger than that of the throat portion 76, such that the area
ratio between the throat 76 and outlet 78 of the nozzle 72 may be between
1:1.1 and 1:28. The cross sectional area at the outlet 78 of the nozzle 72
may most preferably be between 1.4 and 5.5 times larger than that of the
throat portion 76, such that the area ratio between the throat 76 and outlet
78 of the nozzle 72 is therefore most preferably between 5:7 and 2:11.

This increase in cross sectional area between the throat 76 and outlet 78
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the centre of the plume as this allowed good particle
observation wth the neasurenent system but also

pl ume characteristics forpe¢tieB2009/050626
nozzl e. Having determ ned the droplet sizes present in
the plunme, the data was furtheg,anal ysed to cal cul ate

the Dv90 and Df 90, which are c n measur enent
paranmeters used in industry. The Dv90 is the val ue

where 90 percent of the total volume of the liquid
sprayed is made up of drops with dianeters smaller

t heneates aqeqlivatent imdudexd argle Hiexpaffiony fohtheviabzre 72 of

wh 90 t of the tptal mber . of. dropl et
spPeEh a0 AOARTERY kP BPOlERNNI iSqRaRt ATG ARy
Vapgiveen BRES 3ndyrbégi ting test exanple the transport

fluid utilised was conpressed air and the worKking
fluid utilised was water. Table 1Figures 6-8 show

ppa e B0 AT RE T e oF ik BRI B i Fioure 5 i
ut ptdsefted iRETH0IE Itbaddd. Teeardulinferd sbldihagdusing o laser
menber 90 as al ready descri bed above with

| ockin

r edi@‘r@qu@@ Rastigte girecsystenp whigla m%@%@%&%@rqpl@ﬁzes and

co n .
COPEABERS e BAE RS 1 ARENAS ARG B BB ezl
c otheecdnt@oftheIplinmess talst alovadd geod phaidieerdesvatihrewith the
these alternative enbodinents differ fromthe first .
enBeasHE e SYSIe AR EeRreseMed tfﬂPi@?/' polwélem?ggastlcs
i . eart . . | .

Vol 5 RS ABSRCIQtB hehtnd e a5y e e e
s ethendihta iveas fusthe0 amolysea te helcakad® e Brbdnddh®0,0fhichare
apparatus 10' sho in Figure 6, .a.third ins 110 is
RES T s R rpare R Cosd iRindhisko ThRe .00 8 the Value
| NgAEEd 90 pRfcdrtof tHd Bitala/dilirie &P ME liqF8shrayd ié%ad’é‘@p of

third insert 110 is tubular and has an outer_di aneter
whilsipsi withs diasraters sypaligr than or eduaktodhis wiee. BeaPidlys the

fs L}t@@géﬂ%erg t erEgttl)tu(gﬁFwe %"tgp i ﬂm%%p o?&r%pﬁ&g sbPé%% have

diameters smaller than or equal to this value.

In this non-limiting test example the transport fluid utilised was
compressed air and the working fluid utilised was water.

Table 1
Mass Pressure | D,90 D90
flow rate, | supply, [um] [wm]
ratio of ratio of
gas:liquid | gas:liquid
1:4 1:0.875 180 4
1:8 1:0.875 220 25
1:14 1:0.861 255 25
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conpartnment 28. To assist with the sealing fit, a
first end 112 of the third insert 110 is provided with

w@2doonsu4xi rcunferential groove 114 in whi ch apCTXGBR9I/050626

seal 116 is located. Thus, when the third insert 110

Is correctly positioned in the gonpar t ment 28, the

first end 112 and seal 116 abu% agai nst the outlet 34

of the transport fluid supply conduit 30. A second
circunferential groove 118 is provided in the outer
surface of the third insert 110 adjacent a second end
118igorres 68 shheptteiBdive efnbfadimieats @ a migt mmlraﬂr@apmratus

or Eére 5 ieBe Aeridee SrbedBs HhiseBeiratrind Sednefinserts
' ng@ 7041 BeQo&ing h?erﬁ@é'm b%ﬂ‘éa@?de%ﬁ&@d Above with
modi fications may be made to the body 20 in order to

| nigdereocatte Rigiees 24 d Thadeaturasi of these @omnomentseh@\tew of

" Mg ORREE 05 B BB He BERCTAARRCE AP ARS Bl RoEEe
AI tesdredviain irt Benrfedtiah wighiieBe Aitetitivel dribodinténts.
second inserts 50,70 nmay be reduced in order that all

three inserts may be accommobdat ed. Anot her

\Arrgw(f{éﬁ% E[’f##é%na kALt r@&’n%%g fr’ﬁ%ll’té GO%?H f?‘orﬁ ?é AFPehibod iment

ui d supp Yy con erent axl a

pgdie%drduedcnbdvleeg maiyhé@ arel grcsndmd Wwithe t]ped ﬁrssm;t whidh it e be
third insert 110 is | ocated upstre of t i rst
i n9sptedsh, the comparimenit? % qafsteraﬁv 3%1 alpng ety e firshankr

al Qé%rfohﬁséﬁ%@r?td"em 28 than in the first enbodi nent.

seen In Figure 6, the supply conduit 36 has been
rep05|t|oned so that the first insert 50 stil

re ejves th r ki.n luid via the suppl condui t

b Sechan AmSaiMbo gt e Anrbraf & RBpindn Rigiut 6% third
apm@éﬁtm |§%sérﬁaoa|ﬁﬁ?ﬂ%| &ﬂné&@n@ﬁ?ﬂ@bﬂér {dthe insertion of the
substantially the sanme nanner as the first enbodi nent.

Hof)ﬁ@t/end sen@nqu@étﬁcfé) 69. iThe thiginsert 1) isdubwleeand hag an

ri LB Pirkifet WA ek o B ate BB Ubse) seRMfig BT,

of bétheenrtABIBOGIEr Frlemhisersuimayd ewnidniet sd@ace of the
compartment 28. To assist with the sealing fit, a first end 112 of the third
insert 110 is provided with a first circumferential groove 114 in which an O-
ring seal 116 is located. Thus, when the third insert 110 is correctly
positioned in the compartment 28, the first end 112 and seal 116 abut
against the outlet 34 of the transport fluid supply conduit 30. A second
circumferential groove 118 is provided in the outer surface of the third
insert 110 adjacent a second end 113 of the insert 110. A further O-ring
seal 117 is provided in the second groove 118 to aid the sealing of the
outer surface of the third insert 110 to the inner surface of the

compartment 28.

Certain modifications may be made to the body 20 in order to incorporate
the third insert 110. The axial length of the compartment 28 may be
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The third and fourth enbodi nents of the apparatus 10",
10'"" are shown in Figures 7 and 8. These enbodi nents

i N t hEetT/GB2y9/050626
are al so provided with supplenentary inserts. The
third enbodi mrent shown in Figuif 7 has a third insert
120 substantially identical to That used in the second
enbodi ment. However, in the third enbodi nent the third
insert 120 is positioned in the conpartnent 28 such
that it is sandw ched between the first insert 50 and
t himcseaseddsa thaeall thtee irserd 50, 70 Oserroibel |anaied] thezain,

th ial | th.of th t t 28 in th 20
B e TP IaReB AR AN secoed heRE 20, SriaY be
t hiddfhceato rdethat Sl AF6€ HYPE rﬁﬁ&j beRRICBhPSoddted. Another
substantially the sane nanner as the first and second

enthodifigation thajunay he rpgeisethisdodorm filre wopking fluichsurply

et YRR ot F lEat e g Sle P R ERRY 5P Thi mitlhdg
chpgbsysadlpiiisd treRMeérttine i§ idcsted DpSFdarhGf tHé rst mydrhs0,
enbodi ment of the apgarat us 10'" shown in Figure 8

ef aa8e (et psesmfl wiktherdedurtaag alopaitbe goawparmnente28 than in

se ' e ' t T4

;SR PoitobBlridht e RdF Rt Fiofte. b e 3ERBIA Rt 38 fos boen
| ospiositionedtsoethadteafirstiesert 58 stiflseceiass anslwdoking flukbvia the
of the first insert 50, respectively. The third and

£ oBWRIY CAGEHE 36 206, thaGhaECk byl ar and substant i al |y
identical to the third inserts used in the second and
third enbodi nents. The only difference envi saged

bel he sacome emiodimeniodf thaiappardios il Peistassectidd andiopgrates

banreitely Tl S Ee AR o MeEet Srpodsieit, N @ the
fi brdsBntdof HRIMRBUIFRRFd #Eepf 1 1018t tﬁ@-tra{?\%ﬁb?ﬁlu‘é@@upply

body 20 may be nodified to vary the axial i
t heordip30 and dhe fisst inaeriod0 affeelivalprereanesdhe wixial length of

bl el R gBRY PSR *F ot T erbodt ment 1 s

assenbl ed and operates in substantially the
The third and fourth embodiments of the apparatus 10”,10™ are shown in
Figures 7 and 8. These embodiments are variations on the second
embodiment in that they are also provided with supplementary inserts.
The third embodiment shown in Figure 7 has a third insert 120
substantially identical to that used in the second embodiment. However,
in the third embodiment the third insert 120 is positioned in the
compartment 28 such that it is sandwiched between the first insert 50 and
the second insert 70. As with the second embodiment, the axial length of
the compartment 28 in the body 20 may be extended to accommodate all
three inserts. The third embodiment is assembled and operates in
substantially the same manner as the first and second embodiments, but
the presence of the tubular third insert 120 between the first and second
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same manner as the precedi ng enbodi nents, but the
presence of both third and fourth tubular inserts

wa3®ada4ei t her side of the first insert 50 ef PEDGBY®YYPS0626

i ncreases the axial length of both the transport fluid
supply conduit 30 and the m xi chanber downstream of
the first insert 50. Using the suppl enmentary third,
or third and fourth, inserts of varying | engths
reduces the manufacturing conplexity of the apparatus.
For instance different sizes and | engths of nozzle, or
f i inserts 39efQ effecdiviety inerdasssdhé¢ edial length betheppairag dsamber
bo al.ong wi.th ane.or e suppl enmentary inserts
vvié%@fﬂ?tr?%@ %i@%ﬂfsg'r?ﬁ?ﬁ@ the | ength of the body or

t he | ocki ng nenber, or to change the pipework
connecting it to a working fluid source. Additionally,

chéhgifeigth ambagiraent afiige Rpparatus 10 >ahoyreindnpery & effaatvely
al terthe turbul en in these i on nd alter th

71 SE DB AoFRE e s ST r frBaERR R Blrbiyeifmnts of
t hmepépﬁfe_@aﬁusi. Wﬁ@téwlts i it e én@f&h@%sér@ﬁ@blﬂ@ byiag/

of a nodified first insert 150, which could be

ut locptasdinithe gannsrtmerd 25 westtaany aaasiouvnatiees af therisst insert
. . _ ; ¢ )

{ h0RSPRERSF PTAPRAPAT qutfFind8R 1 3B0RIY 4 EbliRE oRE

saswbstantidlly iflemtidal toder thirfBnsdrtFuspd i the ssicbhd fandshird

and second cavities 53,55 being fluidly connected with,.
on%mEBHEltrﬂ%'?tSb;T he only, pgfqr@@,ceoen%ﬁaggd b& ye igserts O‘E this

o Lyt A . _
ér%Banﬁ%rﬁtéH heahird rtsQﬁée}hgg)ﬁeceﬁ?n @W%gdfrhéﬁt%iusé that

passage 60a Is located int tre o nmod
i ntheytmapbedshotteadxiat lengthceoe that all fowr inserts fit in the

aceanbpamedy s o Tue P offi Apa. i B3 20 Bad bR holgd to

ouy gy thé latal RARFRBE T eS&SMPARMENE 28 BRI Hxid | boatRPasTale
about, and substanti al Ig@par allel with, the inner
a

f i working §aiggy pphacentuit b acesrginauiei thelpositionsof thaimserts.
nmodi fi ed insert 150 al so has an outer circunferenti al
surface 62 in which a channel 64 is forned. The

chFRe eburfifempoaiasntas @dedmbhel amd bpératéd Pusiut@mtfly dhe

the insert 50. Extending radially 1 nwards through the
same manner as the preceding embodiments, but the presence of both
third and fourth tubular inserts 130,140 either side of the first insert 50
effectively increases the axial length of both the transport fluid supply

conduit 30 and the mixing chamber downstream of the first insert 50.

Using these supplementary third, or third and fourth, inserts of varying
lengths reduces the manufacturing complexity of the apparatus. For
instance different sizes and lengths of nozzle, or first insert, could be
installed into the apparatus body along with one or more supplementary
inserts without the need to modify the length of the body or the locking
member, or to change the pipework connecting it to a working fluid source.
Additionally, changing the axial length of the mixing chamber(s) may alter
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insert 50 fromthe channel 64 are a plurality of
working fluid supply conduits 66. The supply conduits

w®Bsooane74suibst anti al | y perpendi cul ar to the fi rBCT/GB2009/050626

passages 60a, 60b and | ongitudi nal axis L. The supply
conduits 66 extend radially in%%rds t hrough the insert
50 in the circunferential spac provi ded between the
outer first passages 60b. Wiere the nodified insert

150 differs fromthe original first insert is that the
second, or working fluid passages, have been repl aced

w thie tarmeencenin these degians tpd Bher thinfirst biage afdive ajortisation

is co-axial ongi tudi.nal .axis L and the i nner
fu?@fihﬁ%%ﬁ@p@&d%@eﬂ%ﬁﬁ%" da\’ﬁrit&P”ﬂo is formed such
that it is in fluid communication with the inner first

passage 60a, each of the supply conduits 66 and the
setighite Ohiows &sectimeviewiofd madified frgbinaer” 130, mhicsr eruld

L BETh e i) dfine Hrfdaind e ls drtEe MRt eddrbfio

55apparatus: UTH & basiticanfigliatibh 2f e hlified @t skt 150 is
inwards fromthe wall of the third cavity 170 at the

poWﬂSt@\W@'@/ theasame ag thealiist Wsébteﬁ%Of riggre Rewile fesi@nd
I I
PSS A D B Sl oy 5
t hplusaﬁpoﬂfmsapa*sslagifs oﬂrenp;bcotgfIﬂnEinzimgespdsw%bd)AnﬁEBer
gre external dianeter reater than fhe .inte

SEpeFsage S0rI9 IPGatEAN tie BpBFe Ob N BRCITNG pPery 1B35uch
'gtﬁa@ﬁ% ES%%udPthﬁ%?qrfd&b?%%%ﬁtLy HeBalyaneitbrP 959 and the

pushes past t here id a snap-
beassamblet eaqmlarq;ubddwh]:ﬂiﬁit witbe teeategy @ outdrdirst paskages

th ts . th f f t :
oo Bre SELkrerdily e Aoub A g Steer S el wih, the
OUfnyaF ﬂﬁstfpbgé%gélsoé’laﬁa th@thglt@amaTBﬁ.st ange portion
154 has a larger dianeter than the internal dianeter

of the third cavity 170 so as to limt the extent to

06 OB e R e PR Bl B KR R P o2

Pl waich32chdifel @ans feimétR STiE ehaan@Ird4segends ardmd the entire

di aneter portion 160a and a snm
circumference of the insert 50. Extending radially inwards through the
insert 50 from the channel 64 are a plurality of working fluid supply
conduits 66. The supply conduits 66 are substantially perpendicular to the
first passages 60a,60b and longitudinal axis L. The supply conduits 66
extend radially inwards through the insert 50 in the circumferential spaces
provided between the outer first passages 60b. Where the modified insert
150 differs from the original first insert is that the second, or working fluid
passages, have been replaced with a central third cavity 170. The third
cavity 170 is co-axial with the longitudinal axis L and the inner first
passage 60a. The third cavity 170 is formed such that it is in fluid
communication with the inner first passage 60a, each of the supply
conduits 66 and the second cavity 55. The third cavity 170 has an internal

diameter which is larger than that of the inner first passage 60a but
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di ameter portion 160b. Wen the plug 152 is in
position within the nodified insert 150, the third

w@2000t1y744%0 and the | arge dianeter portion 160BCDGBRIVG/050626

central passage define a first stage m xi ng chanber 15
1. The first stage m xi ng cha r 15 1 will receive
transport fluid fromthe inner~first passage 60a and
working fluid fromthe supply conduits 66. The snal |
di anmeter portion 160b of the central passage all ows
the transport and working fluids received by the first
st agallen thandhetaiithe setdnd cawvitypass Al citcnmfeeentail hp t72i ng

hanb tiall [ b h d [ . .
it Pt iwasdS gt heotiol REREREATAERY " 2 e point
di @RBESthel tAREcality SheRaFi8 8% 86oridEayify/ss. | ar ger

di anmeter first stage m xing chanber 15°1 will expand
and create a turbulent flowwithin the first stage

o RS ERTRRE pro8 B8P 52 fiaRBeF R st Bp he g
t h@a\fi@m?(ﬂmﬂn th@rséeang%@eﬁﬁssd Thetmegn sehastavelugl bodis153
wll I'ead to the atom sation of at |east sone of the

woWRPsg extaina diametariparestet thandpermtesial digprien@f the lip
e ! _ Nt ar

ot 12 o Hetiof\ReR T plid 408 ihanalito ufq A8 @iy 170 the
m pﬁliugg)d{igglﬁﬁspuggsrmmmﬂip Tﬁsan_dtthererris;ﬁ érh@(?Lfif bet;\teen the
I nsert roviges an_inLtrial mxin st age or e

t r BHERAdY ?frp%%d HRdliRudf %i Agereut & t!'ﬂé*gd}rev He ”h%vag 152

" EoeoTh YU ik EAMES! 7). SRMANGEIRHGH Th# brojoets ety
enbaimeEeds frioen titeqpilg eluo@dwﬂ 53 cHunilamge pcrcti_on y1i5_4d1aﬂoaﬂargam
ot BB B o eR L B8Ry bz i e
br gakHPto d‘v’h{éﬁitﬁé rpmga]l 59 WA értér ]Qfe Mramragawy t7bl ui d

passages allows the formation of a nunber” of separate
transport fluid flow paths into the m xi ng chanber.

Wh j O - £ | ui t

e BN el R e BRERr o oL 15 BRBLAE PR

t ugdntt lﬁié%sa%e ebepiieds anatdeedifimetergoartientiena ahdea small

enhanced turbul ence ensures that_the atom sed droplets
diameter portion 160b. When the plug 152 is in position within the
modified insert 150, the third cavity 170 and the large diameter portion
160a of the central passage define a first stage mixing chamber 151. The
first stage mixing chamber 151 will receive transport fluid from the inner
first passage 60a and working fluid from the supply conduits 66. The
small diameter portion 160b of the central passage allows the transport
and working fluids received by the first stage mixing chamber 151 to pass

into the main mixing chamber partially defined by the second cavity 55.

Transport fluid passing from the relatively small diameter inner first
passage 60a into the larger diameter first stage mixing chamber 151 will
expand and create a turbulent flow within the first stage mixing chamber.

Working fluid entering the first stage mixing chamber 151 will encounter
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are evenly distributed throughout the m xi ng chanber.
Additionally, the high levels of turbul ence nean that

wo boodnephet s collide with one another, or a supdEGB2009/050626

the generated internal stresses will be high, such

that they are nore likely to exceed the surface

tension forces. This neans that collisions are nore
likely to cause droplet breakup rather than

coal escence. Arranging the various passages so that

the transport fluid outlets surround the working fluid
outhistusbulehet hed the fridctiionahftireds generiate:djlnétweemttheltwo quids
dir achi eves.a honpgeno di stribyt.

ar B eed o 4 Rlorissich, SEatnae chim oL saatine gy ik flow
(1 oftramsport Ak %ﬁrk.ﬁgrﬂhlo%r\a/mfﬁerﬁ Bgsmﬁrébgh tHsSaf Rfahe&r
that the third (expansion) stage of the atom sation

pr perios itdaxy tee ﬁ@otraw@ess@ggoabu theenainmaing exmber a

PrabPusteaf’ JPs B morli B SaRgeT 180 si0Rass BhgfliEmixing
t heta ff&Slf ihe ttangpdrirsg ase workingt fiuid @erirg shé htain wiigingsstage
of t m Xi n? chanber can enhance atomi sation b

opWhtﬁhstﬁlﬁ@S plaggIdowsistiagpn AGtheelirabinserh aswlescrifad above. This
i.pLNG |

° EABP gyl B o e s e

beumteeiamldfyheahomlsw previtimg 4 t\ﬂmsmgetlnftllematérrﬁlbal\mn process

strjps droplets fr m t he fllmof working fluid.

Pr 8V ﬁﬁ@%@”&“!%@? o' RGO eR HBer, as in the case of
the third enbodi nent using a thlrd insert, can enhance
the wall stripping process, as the surface area over
whPodvidihe af pllrality ofavakdpogt fluidipdseagesdiows tHentormatien of a

The t t f d . d t t

{1 G oBRaESearels ol serh e FRvGaabs U0 Tpe FanBi renger.

W A erf eBavariel 9 traRspore fiLifd ﬂ"dW@Génth?ér@é Bnother é the mixing
result, a particulate-laden fluid can be used as the

t rdﬁ@pbelt, afgreatendnmonitof fupuaneeds gecatedin theemben@yant

Conafiern The RBGEE LATERPs Biabi el RALHralbldhs Hobis

apasy @\térﬁy 0B Laes trolghoeE raikingodizenest saddifienally, the

I ﬁlgh levels of turbulence mean that if droplets collide with one another, or
a surface, the generated internal stresses will be high, such that they are
more likely to exceed the surface tension forces. This means that
collisions are more likely to cause droplet breakup rather than
coalescence. Arranging the various passages so that the transport fluid
outlets surround the working fluid outlets, whether in the radial or
circumferential direction, achieves a more homogenous distribution of
droplets in the mixing chamber and expansion section (i.e. post-throat
portion) of the nozzle. This ensures that the third (expansion) stage of the

atomisation process is as effective as possible.

When present, a plurality of working fluid passages allows a greater

flowrate of working fluid to be atomised.
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i nvention provides a sinplified manufacturing process.
The i ndividual conponents thensel ves are of a reduced

wa@eopliexisd y conpared with existing apparatus, BI/GB2008/050626

advant ageous in ternms of production costs.
Additionally, as the inserts a%f fitted in the body
and held in place by the | ockihg nenber, the machi ni ng
t ol erances requi red when manufacturing t he component s
can be reduced. The outer first fluid passages need
not be parallel to the |ongitudinal axis L. Instead
the outer first fluid passages may be angl ed relative

to.the |, t ud L. | d
ngostien88%be YekRo fi Parsace oflels toviisE Tne ohfedet e
di i x8hg Bhamdeh ébn %ﬂﬁbhbé’ﬁ?orﬁi@bﬁéh %9 dp‘ﬂrﬁlslﬁg %X\}vﬁll strlp ing
Furthernore, the first fluid passages need

sumhanlsm | Wmhcmalt ahﬁlppmgaﬁe‘tlr@rof WoTEing ftuid \Aﬂ1l¢h attaches

P RSIET B SGrBoBr oSBT et Bef Wil be gracgliy gtogpised

dl ageicetrandsorili fRsv 8trips RedEbtsyrddand fign of wWaking fluid.
section, the first fluid Bassa ges may alternativel

hae@védlﬁg GG @M'@g §h@@ Ehrascpdle case of Hie third emigdiment
g%fselﬂg‘éeth ? H ifdert Righ C{H 8%5? gétﬁgb g)es. %g%és Bfe surface

han two Séts o rst

exargal everavhith trk filed oﬁf\/ofkumgfluuﬁlextehdmlssm@ease@y
extend circunferentially about the inner and outer
first fluid passages, at a greater radial distance

rome Egﬁs%?'f‘llsdt é% E?g@ﬁt A& anghcht ﬂgbfe%slf ek ahldthd

passages. t he secon passages
needzzhepabsage)alaet et tivady widqxarhﬁehmmlmlml irestactieosdtherein.

f t fluid .., Th fl
o onf @ sufen bedis RS TSR R FRR B G at s EeRSPEERTR
t h@tthé@teé/nyaé&wdé?ﬁé/\@%rﬂ trﬁ@kélévéﬁt da'%@a@é‘é Al lf)écfo?he bladked by
passages, 'so that the second fluid passages and outer

fi mpartlgulatqo@sﬁagé@ntalrt@klnathe transph@ floid.cunf erenti al
di rection about the longitudinal axis L. In other
words, the outlets of the second fluid passages are

SUBY Gornsieg thé appgratiis Funf £satlirimiskr sfaddngoridnts, the present
invention provides a simplified manufacturing process. The individual
components themselves are of a reduced complexity compared with
existing apparatus, which is advantageous in terms of production costs.
Additionally, as the inserts are fitted in the body and held in place by the
locking member, the machining tolerances required when manufacturing

the components can be reduced.

The outer first fluid passages need not be parallel to the longitudinal axis
L. Instead the outer first fluid passages may be angled relative to the
longitudinal axis L. In other words, the inlet and outlet of each outer first
fluid passage may be at different radial positions relative to the axis L.
Furthermore, the first fluid passages need not be of substantially constant

diameter. The first fluid passages may have a portion which is of reduced
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the outlets of the first fluid passages. The second
fluid passages may also be fluidly connected with the

wo@oden4f4uz st flui d passages in the first inserpCEGBR009/050626

t hat at om sati on comrences within the second fluid
passages upstream of the m xi n% chanber Each of the
second fluid passages nay i ncl %

t ur bul ence- generati on conponent therei n. The conponent
may take the formof a tapered edge inside the
passage, for exanple. The second fluid passages need
nodiabreeteaarad/beh aomtimmwhio@rigidf irdireasechdiasndter. | As adichs a

th fl d b | ed | at t
TG e oREF S5 B e
OUhLRE aQUbsERfiamEeritlal trdss RBESEE OrTRY H’%ﬂa\@ al eniphéal

radial positions relative to the axis t her nor e,

t heroseseston.| ui d passages need not be of substantially
constant diameter. The second fluid passages may have
a portion which is of reduced dianeter and/or a

POThémehiehmbre Bani tier RS & fitht A0RE SissadBe. Fererdmple, a
fluid passages may have a substantially circular cross

s ethirdgiet ob firsdfiuist mﬁsa\g@smh@yteﬂawrﬁavﬁermtlelly aAbeutdhe
f
SRR B G o1 oA Yacs, B aorbARR bl GSlabicBlfrom the

seanscl tfwbmttio%megeadm&erd%%d passagdsrential |y
about the inner and outer sets of second fluid
passages, at a greater radial distance fromthe axis L

t hWhn%Psréfé‘r%% e, Qﬁ‘ﬁ sBLbrRd ﬂé. ggéﬁﬁega‘ nbt Bk g’?cattﬁ% radially

passages. pre I ment
apbawsetelmsthdersmn amblowﬂeoﬁest Iﬂasd pedsagene T\mrseomgdfﬂuid d

£ | b tpaghe R0 EBs Lonmad Bty g chalnlfrahialy el S
V\’abét\/\igent;ﬂﬁrsb@ﬂhe oedériref 110 fba‘é@édfég‘ %ofthtit thel §éc%h§l iRy

be in fluid comuni cation with the channel extendi ng
abb@ssagea@ afioreuiaf bistfluid rAssages fitegtate iisthe circhinefepgniig!

o {:{%&@g Abut e IRYLbRG) BhET hSREF Wl hd Bufidi8 Yt the

second fluid passages are surrounded in the circumferential direction by
the outlets of the first fluid passages.

The second fluid passages may also be fluidly connected with the outer
first fluid passages in the first insert such that atomisation commences
within the second fluid passages upstream of the mixing chamber.

Each of the second fluid passages may include a turbulence-generation
component therein. The component may take the form of a tapered edge

inside the passage, for example.

The second fluid passages need not be parallel to the longitudinal axis L.
Instead the second fluid passages may be angled relative to the

longitudinal axis L. In other words, the inlet and outlet of each second fluid
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provided with a plurality of supplenentary passages
connecting the first stage m xi ng chanber and the

wG@emondr4eavi ty. These suppl ementary passages nBYT/582009/050626

circunferentially spaced around the small dianeter
portion of the central passage,yThe suppl enentary
passages nay be at nore than o%% radi al position
relative to the small dianeter portion of the central
passage. In the enbodi nents enploying third, or third
and fourth, inserts a nunber of working fluid supply
copalssagza nmay Meatsijrfpﬁq:rlehécacbal positiomsse(abive ttd dimes arisdng

coRHRBTiPFo Tir e TS PRS0 SUNEY o BE Sty
de@&’mblﬁ‘t%lgﬁe'{é}e e SécdriRclid %s@é@é&mtaﬁ}%a%aé@éﬁloﬁfwmch

the first insert due to the presence of "t hese
suisgfeaduced diameier and/opatporien whidhyis of increases diameter.

f:,hj,rﬁ% ﬁlﬁg&iqg Sigma%sg%g?é Hiq?yeﬁ% V& &ubgﬁgtl%llyf gireylar.gross section,

eXbueaw@rnbwwwmy mallnavanth sinptidanersss secpivar the front
portion of the first insert as well as a portion of

the third insert. This would nean that a single

bodgér'égm%k/ﬁ?qpéﬁﬁgﬁ cton(r}déi % tocf:g(g#gc[% tﬂﬁqu %%%@g%e':ar é)@nple,
vvoa khirg)séd ofi s&coad tloi pas&'etgelsnﬁay extainerciicumfsremtinhy bigout
ced fromthe condujt resence of the third

| n 'f‘”ema'ﬂ%PtJi‘?érseFﬁﬁu?ﬁQ%‘@ufW BaS%ageesaﬁ aigheater irifld
beg FsPan‘c#rberg e bldsSt tH BlinféroiHoueH St g&agecbhs flui
second passages ace upstream towards the supply
of passagesansport fluid. In this case, working fluid

and transport fluid flowing in opposite directions
woul d cone into contact with one another in a m xing

Chﬂﬂfﬁ’&ﬁ% e m%rpéﬂ éﬁ%d%ﬁ@ntkb?fdbfe %ﬁﬁaFaﬂ@s be&&ibddasde has

The wor [ uid woul be atom sed in emX|ng

ch@W@neaM@rkmgeﬂwd tielet mathgmdv fhene dnarwm @ haratity efhworking

e G ER AR Bl ety Sp R 3OS eiskd PRy e B, Eecn

Thef thii etk i@inletesaaYy bewy flaldscorhmuaeiitioy adtbeieetihnel
the body and first insert in
extending about the circumference of the first insert.

The plug utilised in the modified first insert shown in Figure 9 may be
provided with a plurality of supplementary passages connecting the first
stage mixing chamber and the second cavity. These supplementary
passages may be circumferentially spaced around the small diameter
portion of the central passage. The supplementary passages may be at
more than one radial position relative to the small diameter portion of the

central passage.

In the embodiments employing third, or third and fourth, inserts a number
of working fluid supply conduits may be supplied at various positions along

the body. These supply conduits may be capped off or connected to the
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this nodified version of the apparatus, thereby
i ncreasing the size of the m xing chanber defined

whedmaendd he body and first insert. Extendi ng PEEGB2009/050626

m xi ng chamber in this way can enhance the turbul ent
mxing therein. In its sinples 0form t he apparatus of
the present invention conprises a plurality of

transport fluid passages and at | east one working

fluid passage which open into a m xi ng chanber and a
nozzl e downstream of the m xi ng chanber. This
arwarigmagrﬁu'ld lppheas arcessary diepemnding ombinecaniBl lgation along

TR T BC NS T eI aLF 1 ToFreSB 1ok ! e pplpmentary

e”’!h_@@!'t&eﬂltterﬁfatlirél? RESFSANd thiRhs&rts ﬁ%‘?Vc% Se55dd H8h that
various groups of passages and their preferred radial

_anmeccpirwmfeaerém s@mmshtan@ﬁlspfrtbe firstursarbexiesdaiandiedinally

nop e el aehe Mok BBk Bp Pt of Ve
i nyertibh @1 thtitsinseNETIRE &icud mm@ brEngle worki'mg fluid

present invention described above conprise
p! SREY Condyit GRIRidegPmovided ipdle hgey, butﬂeaﬁoth@s@qndwt could

' né’tﬂ%r‘o@[ﬂe’.ﬁﬁopk%gehuﬁ% Mk Fidt ﬂws’é‘ﬁmﬁ%n His \ﬁ&[?lﬁil Eg&%dr“frgm

passages ent 1nvention w

nmothe @:fnomhtdoyat@emee@me of thieehlirdh érrsairin so long as it has
one or nore working fluid passages. Furthernore,
whi | st the preferred enbodi mrent has an inner transport

fl Pl'fGrtHé‘rSr%Eﬁlc}éﬁbﬁtb fre &ﬂoeﬁét@' wamafbet eyl ﬁr@gﬁgéh

axis L, the present invention is not limted
i nartawsudoaudf thetitlse seemd fluidmegeages famewpw@aagmwarde the

tp: §Se }SP% Hﬁeﬁrjéllg,é)%gﬁﬂ aeir|1 O§ gﬁsg\&gr%llﬁ ﬁwé\nand transport fluid
C' ﬂG\Hiﬁth pbbaié eré@tﬁfr%%éulalﬁd)%é h‘ﬁo b@ﬁﬁa‘d Weth e %tﬁer in

As already stated in the detailed description of
t he npxiegesianberatefined between mebp@y andthg @rstinsest. The

i WP Wb s oafSaT &R ftbatf g and itk e
t hﬁeambort Auittvadlle capykhadiddersast Worm fai dsvistehnitd the
the invention. Qther fluids which include additives

suepzze by evdnefthe s fyid passagasdnttee drstdugsist e S8 Higd
Al fibular insert may also be deployed between the body and first insert in

this modified version of the apparatus, thereby increasing the size of the
mixing chamber defined between the body and first insert. Extending the

mixing chamber in this way can enhance the turbulent mixing therein.

In its simplest form, the apparatus of the present invention comprises a
plurality of transport fluid passages and at least one working fluid passage
which open into a mixing chamber and a nozzle downstream of the mixing
chamber. This arrangement alone can provide one or more of the benefits
listed elsewhere in this specification. Therefore, whilst the description of
the preferred embodiment of the present invention above describes

various groups of passages and their preferred radial and circumferential
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al so suitable for use as the working fluid. These and
ot her nodifications and i nprovenents nay be

wo pwongranzat ed wi t hout departing fromthe scopeP©f/GBR®9/050626

i nvention. CLAIMS: 1. An apparatus for generating a

m st, conprising: at |east one )QDr king fluid supply
conduit having an inlet in fl u13 comrmuni cation with a
supply of working fluid and an outlet; a first m xing
chanmber being in fluid conmmunication with the working
fluid supply conduit outlet; a plurality of transport
f | positipras sAgibse, toemthanothas postiould bedindesstage thehvihase an

inlet adapted t Iy, I f .t t id
SRR Sas Rof S5 By b Shteb ioBRPARE' ol b
CchiyBRfion. aWhidt fHeZEreferfay ERboMEM ¢tithé Préddht thvention
communi cation with the m xi ng chanber, an outlet, and

a desaiedmpavetomprisasna:givseldy ohwonking fleid passageadthe

ar St ek BRoRAIeRA Rl ey Bribide PGS R0es.

| NTRé ppésert vedtish avib BEdvede oRe or Misreaiipiag ativantaesligism
1, further conprising at |east one working fl ui

paBe&iesShiRNhes HiasAns or MOofe WPEKIRG firidriasgenes. ffthermore,
o . . o .
£ 1 SHSAG pedelrdce bR ment RS Ul in A ATt 1 3G delSsage

t hehiwbrikicogaxidluvith hasioagitudiasl axislL atnet gresaht inhemtsor iggwot
than that of the supply conduit. 3 , The apparatus of

cl dnited o %‘Peﬁuﬁ'%@}%ﬁ%&%& angRest %U'F dﬂ@éﬁg&ﬁi %? PaRpaNt
anghyghtibB st 2198 ®eXKtiddive Wit $A¥Jorf 1’1&111 %38% ﬁ/hl’ph are only
outlets is positioned a shorter radial "distance from

t helrdurnigirenidilly sipaasd arourahthelengitudinalgaxid Li d passage
outlet. 4 . The apparatus of claim3, wherein the
plurality of transport fluid passages conprise an

| NRSTalfebaPSRABY il tHE SetBAss aBScriRioR dfahe Wrédkrit ivention, the
transport fluid is not limited to air. Other examples of suitable fluids are
nitrogen, helium and steam. Similarly, water is not the only suitable
working fluid which can be used with the invention. Other fluids which
include additives such as decontaminants, surfactants or suppressants are
also suitable for use as the working fluid.

These and other modifications and improvements may be incorporated
without departing from the scope of the invention.



10

15

20

25

30

wo pvenduz;nsport fluid passage.5 .

| ongi tudi nal axis, and a plurality of outer transport
fluid passages circunferentially spaced about the
The appar at BST/GB2009/050626
either claim3 or claim4, further conprising a
plurality of working fluid p ages, wherein the
working fluid and transport f1°ui d passages alternate
circunferentially about the |ongitudinal axis of the
apparatus. 6 . The apparatus of claim4, further
conprising a plurality of working fluid passages,
WwhEeLAIMS: he working fluid passages are
circunferentially spaced about the inner transport
fluid passage. 7 . The apparatus of claim®6, wherein

t he wor khngphtatld iGaseRIStnGE e EAHMINsimps ti oned

bet ween the i nner transport fluid passage and the

out er t atsdﬁspi'o@me WotkKiag feisssuppdy cenduitiivaviag parialet s bfid

i m6 ch he worki.ng fl uj ssages i s
T R SR b TR R e
passageé firsrRixPiRycHarebarbdind ¢h filidicdnaAdnieEtién with the
transport fluid passages alternate circunferentially

abwatking duidsuaply eendifloeutiet] ui d passage. 9 . The
appar até’?ll%lltglcﬁ'tt@n‘é oP’WI%Eoe d%;%spla i rbﬁg &{ﬂu rp&%s&gge

fluid passage corrpr er vvor

palsa\aggsm inle¢ adaptedite rgcewea afpplymfeﬂrampbrbﬂmdrand an outlet
vvork| fdeE%tsa es are both circunferentially

spRcBHd eBVRURIRRIGMWED the AHEPEhambgrd@fhssage, t he
outer wgr
st an\clz\g nhk%l% @i@feﬁ%ﬁéﬁﬂ%u@@bﬁ@q@w SHtRAL with 'H?éjtwﬁhng

nner transport passage
t hehamber, awmdiiemgarfd aittropapedigesntet®ediaté theappzaiainist and
risi n a second m xin

f | ai f chanb
°olid Meaneativorian VB0 tPSs St cxrmimichs e

Fi fhalt ofbithéYahe YZERY inletor i Hoﬁle'o@ﬁétt one of the
transport fluid passages is in fluid comrunication

with the second m xing chanber whilst the remainder

cofmuni T0F PORLta VS FlEtRTy SR ton) BiiggfPast one working
fluid passage having an inlet in fluid communication with the working fluid
supply conduit and an outlet in fluid communication with the mixing
chamber, wherein the working fluid passage has a diameter which is less
than that of the supply conduit.

3. The apparatus of claim 2, wherein the apparatus has a longitudinal
axis and at least one of the transport fluid passage outlets is positioned a
shorter radial distance from the longitudinal axis than the working fluid

passage outlet.

4. The apparatus of claim 3, wherein the plurality of transport fluid
passages comprise an inner transport fluid passage co-axial with the
longitudinal axis, and a plurality of outer transport fluid passages

circumferentially spaced about the inner transport fluid passage.
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11. The apparatus of claim 10, further conprising a
communi cati ng passageway between the first and second

woreooongr4aehanber s, the passageway havi ng a cr oSBCT/GB2009/050626

sectional area which is less than that of either
m xi ng chanber. 12 . An appargfus for generating a
m st conprising: a body haviﬁ%ga first end in which a
working fluid inlet and a transport fluid inlet are
defined and a second end in which a conpartnent is
defined, the conpartnent having a first end in fluid
communi cation with the working and transport fluid
nLets d a second, end which irst inser
acipt ed 6 2BBSEEGR P ETeG A3 ok e BrbetfomhesG o
COﬂlﬁﬁélﬁﬁéﬂWorlin'@fIDIdrééss'ag(%@r\R/hQ@ in ﬂieﬁ@oﬁkﬁnd figiitarR®ansport
working fluid supply conduit in fluid comiunication
wi fltid trassagek aiternataiciscumiesentially db@up the lengitydioal axis of the
nﬁ$§h§bf|Uid passages in fluid comunication with
ort fluid inlet; a second insert adapted to
be received in the conpartnent between the first
insert and the open end of the conpartnent, wherein
t he- secdm@ amaﬁismqlmew AUrber cRMAESINA@ Rlufalitpaf working

poﬁ |P%s?5%é§qm§rgmctrhgsv§or%ﬁ§f &ﬂgﬁlasé‘éﬁ m%”&d’&fﬁ%?édhmw

hd second I nser |rst m Xi ng

chemmmd dssuteies ifree tnanspoht fiuid padsaigeedi at e t he wor ki ng
and transport fluid passages and the nozzle; and a
| ocki ng menber adapted to be received on the second

ingert apdy Egﬁra‘i%%‘glaﬁﬂ% Nherdif tﬁ@%r?iﬂg?@id Eaé@é%érseare
the first and second insefts in e compartnent. .
Thsachqikyapczmmmedf betiveemtie inngndragispottiielid 'pa&tagenza;m]L the outer

{/ Eﬁm‘ﬁrl ses at | east one working fluid passage
r@r@txg YIHIRASSPR®S| ui d communi cationwith the worKki ng

f|UId supply conduit and an outlet in fluid
conmuni cation with the first m xing chanber, wherein
t h8. wor kh@@pppiatds phsleig®, mderein each of the working fluid

passages is located between a pair of the outer transport fluid passages,
whereby the working fluid and outer transport fluid passages alternate
circumferentially about the inner transport fluid passage.

9. The apparatus of claim 4, wherein the plurality of working fluid
passages comprise inner and outer working fluid passages, wherein the
groups of inner and outer working fluid passages are both circumferentially
spaced about the inner transport fluid passage, the outer working fluid
passages being a greater radial distance from the inner transport fluid
passage than the inner working fluid passages.

10.  The apparatus of claim 1, further comprising a second mixing
chamber intermediate the working fluid supply conduit and the first mixing
chamber, wherein at least one of the transport fluid passages is in fluid

communication with the second mixing chamber whilst the remainder of
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di ameter which is less than that of the supply
conduit. 14. The apparatus of claim 13, wherein the

wappanat4us and first insert are co-axial aboutP@r/GB2009/050626

| ongi tudi nal axis, and at |east one of the transport
fluid passage outlets defi ne%d n the first insert is
positioned a shorter radial stance fromthe

| ongi tudi nal axis than the working fluid passage
outlet. 15 . The apparatus of any of clainms 12 to 14,
wherein the plurality of transport fluid passages
dethertezhsport fhed passagemarer it fluadrpoinsasicatiannwién the first mixing
tra»gasrﬁﬁrt fluid passage co-axial with the | ongitudinal
axP@MAA[d a plurality of outer transport fluid
passages circunferentially spaced about the inner
transport fluid passage. 16 . The apparatus of claim
1411 whef b @ppreateis o elaimd@y furthefricesiprising acanmraynigating

wor king fl uid wherein the working flujd and

{r BAtRew BB G 208 Jiss W b R, 7
abpagsddesvdyangiing dioneds sedtnaf atdaewhichss |ds8Ran thakt of either
The apparatus of claim 15, wherein the first insert

defixieg chambgf.al i ty of working fluid passages, wherein
the working fluid passages are circunferentially
spaced about the inner transport fluid passage. 18 .
The2 appAnaipparaths ¢bragenetdtingvbeniet combpesingr ki ng flui d
passages are radially positioned between the inner

tr anspo?tbofjb/lmad'r]@a%ggﬁéngdﬂ W%H@ BKING Tid gekand i d

Pags fIJi? ir\}\lgg— fengé’lﬁ}f% | a%¥ecbh@iePdd wH’ﬁG‘?é%Pnédel?ﬁnent

plurality o passages conprises inner
anis aafined, ther compartmentihpesg agest end e #uid cohegunioptoroivith

i d out ki.ng. f. uid bot h .
e we et a0 Shol A il eRE RSP e WRich s ppen:
fluid pasiesgssert Beaebah beaekenad (WitHisl tR26s&98Rd it
a greater radial distance fromthe inner transport

f | corppareagdhe fisst insert detiring wb redsh gne wprdingaLic gesply

Izgg%rﬁl& ﬂﬁtﬂﬁi?&@%{)ﬁ;él&% \mtr"{‘?r‘le Waﬁ{iﬁé ﬂufdnﬁleft,i Jrrc'oI a plurality of
transport fluid passages in fluid communication with the transport fluid
inlet;

a second insert adapted to be received in the compartment
between the first insert and the open end of the compartment, wherein the
second insert defines a nozzle having a throat portion of reduced cross
sectional area, and wherein the first and second inserts define a first
mixing chamber between them which is intermediate the working and
transport fluid passages and the nozzle; and

a locking member adapted to be received on the second insert and
the second end of the body so as to secure the first and second inserts in
the compartment.

13.  The apparatus of claim 12, wherein the first insert further comprises

at least one working fluid passage having an inlet in fluid communication
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a second m xi ng chanber internediate the working fluid
supply conduit and the first m xi ng chanber, wherein

wa@toobaemu3 one of the transport fluid passages PGI/iGB2009/050626

fluid conmuni cation with the second m xi ng chanber

whi | st the remai nder of the t:ﬁ';\nsport fluid passages
are in fluid comunication w the first m xing
chanber. 2 1. The apparatus of claim 20, further
conprising a comuni cati ng passageway between the

first and second m xi ng chanbers, the passageway

hawith ghavmrldsg flﬂétsmpm;aboadleiaammanrotjtlet irefbisd tcbmmnmtniaation

O with oS st KRG AR eiybBhin oo Ui ek T

wogisiitdef WHicH i& fesdithbRa8At cﬁﬁﬁe‘é@b?l‘y%nﬁbw d supply
conduit; introducing a supply of transport fluid

through a plurality of transport fluid passages |nto a

Cobbt " EEh ARPBRAUDSE BT ERTH Rt ABpHRIEE A Hhtiften

l NhRCEd-BliaRabblitdngitudmakaxig, &ddbticbsPoMé BEtHEOH &hdiodrt fluid
fluid supplé(condwt into the first mm@g chanber to
2

f oPAFSACE @fflats dafingthineiherlirsiongenidp Pesifienedt ashertsr radial
di el fatric'égf 6rﬂ$h¢ T&@pﬁfnta LkidltHlad Bk %@ﬁg@)gfgj @{é}%@gﬁﬂh&let.

|ng f |rst m Xi ng
nozzle t hr oat portlon havi ng a reduced cross sectiona
a; andsp the transport fluid erse

o ofhBpRbigds plirey o ERTES nazerld: wheret Raplurg iy o
a1 ﬁsﬁﬁ;orpﬂﬁggﬁa%gg@ L9BBhnG PAYENR hbs BOFE) Sl dAher

alm 2 wherein the mxing cha
haufalaspm'hﬂ;luldmassage a;magglalamth ﬂnedonglrtmﬂm@lfams]eand a plurality of

ot SRR Senepor i GassAges RamerRnfaly Shaso s 47 Foier
t h@ansport fluid passage.

16.  The apparatus of claim 14, wherein the first insert defines a plurality
of working fluid passages, wherein the working fluid and transport fluid
passages alternate circumferentially about the longitudinal axis of the first

insert.

17.  The apparatus of claim 15, wherein the first insert defines a plurality
of working fluid passages, wherein the working fluid passages are
circumferentially spaced about the inner transport fluid passage.

18.  The apparatus of claim 17, wherein the working fluid passages are
radially positioned between the inner transport fluid passage and the outer
transport fluid passages.

19.  The apparatus of claim 17, wherein the plurality of working fluid

passages comprises inner and outer working fluid passages, wherein the
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| ongi tudi nal axis than that at which the working fluid
is introduced. 24. The nethod of either claim22 or

w@b@pmi28 wherein a portion of the transport PETIGB2008/050626

i ntroduced into the m xing chanber via an inner

transport fluid passage whi c%s co-axial wth the

| ongi tudi nal axis, and the reéefai nder of the transport
fluid is introduced via a plurality of outer transport
fluid passages circunferentially spaced about the

inner transport fluid passage. 25. The nmethod of claim

2 3gronpsrodiinmerreandmautier worKihgiifldid pxaﬁagmssaeel bb;h piecLsniegentially

oSl 08 St B0 T L S 6 o Rt
pI pagdddgey Bting éfwé@l‘é”r Padlbludlgtafhéé?n%@%@%é? trfahgport fluid
| ongi t udi nal "axi's. . The nethod of claim2 wher ei n

t hpasgadei thgnﬂm@irmarqu@mfhwpaysmu ng the wor ki ng
fluid through a plurality of working fluid passages
which are circunferentially spaced about the inner

t I 20SPOThe bbphatdassaiatm 12/ whefeifREFirdt Wsserbfurther comprises
generating a mist, conprising; at |east one working

f | aisgcanghpIying mamherwaierrﬁgdlaﬁe ther werking flyidisyipply conduit
oo e st bl RaeibRhdre af st B of et BT bduia

hapam{am i in ﬁlmdlomnﬁmundanmrmmhlthetsewndwmhmg chapfier whilst

transport fluid and an outlet;a first
C h%@ﬂ%@‘?%ﬁ tﬁe fnanseoR Ak pagSAges Argin Au '@rFé’rgmumcatlon

reﬁ,ﬂﬁqﬁéy% %R#n@t&a?rﬁbérhe wor ki ng and transport fluid

supply con UItS second m xi ng chanber being in
f|UId communi catlon with the first m xing chanber; a

al i of co cati assages connectin the ,

i 287" Lo BopamiUnpLr AL R e SoRIRI G S oftnwdoning
anpaéﬂe@ew BdtiieBn B98N iahatdRBnYIrkiRing éharRiseradiHE xi ng
chanber, an outlet, and a throat portion inter medi at e
t h@aw@y having a cross sectional area which is less than that of either

mixing chamber.

22. A method of generating a mist, comprising the steps of:

supplying a pressurised working fluid to at least one working fluid
supply conduit;

introducing a supply of transport fluid through a plurality of transport
fluid passages into a first mixing chamber downstream of the working fluid
supply conduit;

atomising the working fluid by injecting a stream of working fluid
from the working fluid supply conduit into the first mixing chamber to form
a dispersed phase of working fluid droplets;

directing the transport fluid and dispersed phase of working fluid
from the first mixing chamber through a nozzle throat portion having a

reduced cross sectional area; and
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woom2he74enl et or the nozzl e outl et.

inlet and outlet, the throat portion having a cross
sectional area which is less than that of either the
28. The apper/aBo®9/050626
of claim 27, further conprising at |east one working
fluid passage internediate tt‘se7vvorki ng fluid supply
conduit and the first m xi ng Chanber, wherein the
wor ki ng fluid passage has an inlet in fluid

comuni cation with the supply conduit and a di aneter
which is less than that of the supply conduit. 29. The
appar at spgragingctheitrar@gortvilugd end dispersed pleass obwerking fluid

ol € neEHR N ELEa 0 PriTenls Tt Sor P RGoRHRBR e a7

sufpsbantial ly opposite directions. 30. The apparatus
of any of clainms 27 to 29, having a |l ongitudinal axis
and wherein the plurality of comuni cating passages

COJRri s n.jnper co icatin sage co-axial wth
L nEST onghe [ A Of cfelh 20, s dn & AR (Y e o 4
cogRugiabl Ms PAFSaPRRicH drtalteirpotalUiy issihadeadcaPmiid the
t he i .nner conmmuni cati ng passage. o

mixing chamber at a position which is a smaller radial distance from the

longitudinal axis than that at which the working fluid is introduced.

24.  The method of either claim 22 or claim 23, wherein a portion of the
transport fluid is introduced into the mixing chamber via an inner transport
fluid passage which is co-axial with the longitudinal axis, and the
remainder of the transport fluid is introduced via a plurality of outer
transport fluid passages circumferentially spaced about the inner transport

fluid passage.

25. The method of claim 23, wherein the working fluid is atomised by
passing the working fluid through a plurality of working fluid passages
which alternate circumferentially with the plurality of transport fluid
passages about the longitudinal axis.

26. The method of claim 24, wherein the working fluid is atomised by
passing the working fluid through a plurality of working fluid passages
which are circumferentially spaced about the inner transport fluid passage.

27.  An apparatus for generating a mist, comprising:

at least one working fluid supply conduit having an inlet in fluid
communication with a supply of working fluid and an outlet;

at least one transport fluid supply conduit having an inlet in fluid

communication with a supply of transport fluid and an outlet;
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a first mixing chamber being in fluid communication with the
respective outlets of the working and transport fluid supply conduits;

a second mixing chamber being in fluid communication with the first
mixing chamber;

a plurality of communicating passages connecting the first and
second mixing chambers; and

a nozzle having an inlet in fluid communication with the second
mixing chamber, an outlet, and a throat portion intermediate the nozzle
inlet and outlet, the throat portion having a cross sectional area which is

less than that of either the nozzle inlet or the nozzle outlet.

28. The apparatus of claim 27, further comprising at least one working
fluid passage intermediate the working fluid supply conduit and the first
mixing chamber, wherein the working fluid passage has an inlet in fluid
communication with the supply conduit and a diameter which is less than
that of the supply conduit.

29. The apparatus of claim 28, wherein the at least one working fluid
passage and transport fluid supply conduit communicate with the first
mixing chamber from substantially opposite directions.

30. The apparatus of any of claims 27 to 29, having a longitudinal axis
and wherein the plurality of communicating passages comprises an inner
communicating passage co-axial with the longitudinal axis, and a plurality
of outer communicating passages circumferentially spaced about the inner

communicating passage.



