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AN | MPROVED M ST GENERATI NG APPARATUS The present
invention is directed to the field of m st generating

wappane2us, whi ch generate and spray a m st of PCT/GB2008/051040

dropl ets. The apparatus of the present invention is
particul arly, although not exilusively, suited for use
in cooling, fire suppression and decontam nati on
applications. M st generating apparatus are known

whi ch inject a high-velocity transport fluid into a
working fluid in order to atom se the working fluid
anAN IMPROVEDRWMIST GENERAHENGAOREABAMUS d droplets in

a continuous vapour phase, which is then sprayed into
the atnosphere. In such apparatus the working fluid is
SPTRY %?esferrﬁ RVBITBA S Birbited 8tN@FiBldISTHRsRhefbrafiRg @aratus,
As these existing apparatus only spray inh a singl

di Wélﬂhl Qﬁﬂerawmgis@mya?n@ﬂ% abdrepletsdrdye epraratusaef the present

the | e. at spra roplets..initiall :

| cyaRRorhis el &yt gt oy e FRY e Loy @i cooling
apiey Alppsesyion wht YeebhRptindBombppietionsy an area
directly in front of the nozzle with a mst, they are

relatively inefficient if required to fill a given

vols Y :
1 MATHEr D Sty RS PR b A b Benopor
syﬂmudnmﬂona worlomgﬁlhrd in dvder tdi atgmideotheewarkingetluidhamnd form a
ap atus woul %he vol une with mst, but wo

08 dSPEERS WPS}"”% lyid HRBIGER & %popt‘lrg{%\fqpogﬁgﬁase
V"O\Vxlhldﬂ‘?asftﬁéﬂ g?ﬁagegc?nt%‘%hemﬁbgﬁﬁér% IH%% %é?atﬂg thd&orking

present inven is to overcone the a I oned
di Beidvaspeyeddiom acvarzik inga singée fenaral dm@xeimln ofAstthese
i nvention rovided. a, m st

PPt BoRAAT oM RS i ale ket e paY ol of the

fi 8”lplt8 dthaeRaRe aQi@H@ét \Wﬁloﬁ%hé%@@eﬁy W@Bléﬂﬁmmwﬁleaves the
transport fluid nozzl e therebetween; anda work

f | apRErpiss adglebadimiteg. alhilstl ssichcappaseiusisire vety aff@uwslqt
of covering an area directly in front of the nozzle with a mist, they are
relatively inefficient if required to fill a given volume with a mist, such as
would be required if the apparatus was deployed as part of a fire
suppression system in a room in a building, for example. The apparatus
would fill the volume with mist, but would require relatively large amounts

of transport and working fluid to do so.

Therefore, one object of the present invention is to overcome the
aforementioned disadvantage(s).

According to a first aspect of the invention, there is provided a mist
generating apparatus having a longitudinal axis and comprising:

first and second opposing surfaces which define a transport fluid
nozzle therebetween; and
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working fluid, and an outlet on one of the first and
second surfaces, the outlet comrunicating with the

wo eansprd flui d nozzle; wherein the transportpPdT/GB2008/051040

nozzl e has a nozzle inlet connectable to a supply of
transport fluid, a nozzle outbet, and a throat portion
internmedi ate the nozzle inlet“and nozzle outl et,

wherein the nozzle throat has a cross sectional area
which is less than that of either the nozzle inlet or
the nozzle outlet; and wherein the transport fluid

nozzl e pmajreingdluichpgasddge fiavong sheanlebognneaialvlalto axsiupply of

f e RO RN S

usgghidtRiopmuhitafies WithtBe tishbHifkidRbEde] s to be
sprayed fromthe m st-generati ng appar at us.

Non- | i nwh:erg;jn az@rﬁn@@rbfluid rnzzteviea wezkieriglet cangeciakle to
TR . Liauid .

ot ShpafidrafTshol i whaEHE Bhne rd A b Bt hartion s

usigteriridrate the ndeskeriniee ahb ozl sLitith] wheret thet m&xs Bfoat

into the m st-generating apparatus in order to )
geh@s atcEosnheestional areawhichiy lessdhan thaiof eithas Bisrrozzle inlet
flgli ﬁj1ei r?oz‘}?eef)ﬁtrl&b%ﬁf a conpressible gas. Non-limting
exanples of a sui a%l e transport fluid are conpressed

ai r, niwhegsn thetranspart floidrinezladpeiecie radibky frpmathat us
na%/?infsurther conprise a transport fluid pass [

fl

tugiRLas 2HF b4k he nOREEITines & 4tianA angleAbout the

i nioﬁgitaﬂ‘mﬂaFQﬂQ?Ct able with the supply of transport
fluid, erein the transport fluid passage is

parallel, and preferably coaxial, with the

| ongi t udi pal ,axis.. .Jhe nozzl e. may, def.j ne_a_rot at.i ona

andfte T Aondi g §aiseedte SR dasREbF Spg MR I to be

axssraydd eronP ivd MistRyereAtimeaghdratal | Glinfiie exsthpRs of a

| east 90 degrees about the |ongitudinal axis. In other

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

compressed air, nitrogen, steam or carbon dioxide.

The apparatus may further comprise a transport fluid passage in fluid
communication with the transport fluid nozzle inlet and connectable with
the supply of transport fluid, wherein the transport fluid passage is parallel,
and preferably coaxial, with the longitudinal axis.

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

a rotational angle of between 5 and 360 degrees, or between 90 and 360
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a rotational angle of between 5 and 360 degrees, or
bet ween 90 and 360degrees, about the |ongitudi nal

W@x008/060Bme nozzl e nay al so define a rotati onal PEGB2008/H51040

bet ween 90 and 180 degrees, between 180 and 270
degrees, or between 270 and 3@0 degrees about the

| ongi tudi nal axis. The nozzle“nmay define a rotationa
angl e of substantially 360 degrees about the

| ongi tudi nal axis. The nozzle outlet nmay conprise a
slot in an external surface of the apparatus. The
nodegreesuaibait theyorgitudoral eriso uEhaanazaiel N ypalso idefinefa

th i et t.h d by th

BRI Gl o e AL Ve R A E o
ONge §recBDHELEW A2 TTRARE BE0 MR Fdb Mo R8N NSRYifLB I BKR.
the nozzle outlet to create a discontinuity therein.

Al ternatively, the nozzle outlet may be di sconti nuous

o SH a8 kL 80P ' BB RS o SRR berecs
apaBs@ttHe Ieymeidiregeixs. pl ural ity of nozzle outlets. The
working fluid outlet nmay open into the transport fluid

nozzle internedi ate the nozzle throat and the nozzl e

ou . ._ e
curPEEe7P et et e afBasioPRutets S s
subspaatisal |y annul ar and coaxial with the

| ongi tudi nal axis. The working fluid passage may have

a pair of outlets on the first surface of the

aﬁﬂ’ﬁé Ao¥sle ollifet A4y 58 ?ﬁﬁﬁ’r}ﬁo@% B0HY grpcﬁ'ﬁ&w ng firh&ter of

The apparatus may ‘further conprise a secon i ng
f | tedaps stugesovehad by thontbtational mpgld. uThie pppaceges ayi fagher

an inlet connectable to a s lv. ofworking fl ui.d nd
AncTPIise OBR o FASTSdilgh Metnbersoulioh maybe deried igto fife
OUfb£le BRABI todrbAicOa HRRohfiMNEAREEeih| Ui d nozzle

i ntermedi ate the nozzle throat and the nozzle outlet.

The outlet of the second passage may be substantially

anRHJal%(ati@QIg, ﬁ%aﬁ%z%e %t‘l@[ r%gf blaod?sgéotnlfiﬂhggé a?&ﬂnsd a portion of

the perimeter of the apparatus covered by the rotational angle, such that
the apparatus comprises a plurality of nozzle outlets.

The working fluid outlet may open into the transport fluid nozzle

intermediate the nozzle throat and the nozzle outlet,

The working fluid outlet may be on the first surface of the apparatus. The
outlet may be substantially annular and coaxial with the longitudinal axis.

The working fluid passage may have a pair of outlets on the first surface of
the apparatus. The outlets may be annular and concentric.

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

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



The second working fluid passage may have a pair of
outlets on the second surface of the apparatus. The
woaibese4df the second working fluid passage negT/l582008/051040

annul ar and concentric with one another. The apparatus
may further conprise first ang second body nenbers,
wherein the first and second surfaces are provided on

the first and second nmenbers, respectively. The second
menber may be at | east partially received in the first
menber, wherein the transport fluid supply passage is
dewbrieng Heidwaed anrmrtfeit ostthasdcsed sadaoe obvwesapplretus, the

R B S R o
t haRyele hb£71é buast, “‘ﬁﬁ‘@@ﬁtletaér‘ihé %écé@&ﬁ i ggay
conprise a longitudinally extending shaft "and a fl ange

whsWstartialyennutey anscerakia withihe lpngitudinalraxis.adi al | y
outwardly fromone end of the shaft, wherein the shaft
Is located in the bore at the proximl end of the

fiThRé s@f@ﬁmm/o‘ﬁklﬁﬁ fIUhﬁ{!)aé efrhaphats @ FReconsutisis baars
defl ne the transBort fl ui nozzl e between them The

ek sUfacs of tpaspRgeatuay The qr@et%@fdheaa@@@ﬂ wasking fluid
exégééag[e by HRSAA adt Qor‘iéé%tH@Mt dgre. The

e secon Justable
reIat|ve to the first nenber The apparatus may
further con&rlse at | east aone_adjuster whi chcan a%eust

10 thg B EFePaIaws HfathHéth%E@weﬂﬁ%ﬁrfﬁéra”ﬂe‘re&PPdéootdéf e
Eré??? Wg@fwst Re s'é%Bﬁﬁ shﬁgcé’é SEARTRidRGL YR ETR ﬁr??aﬁd %%Eond

secon sur aces juster may project fromt
semnmbezra,rrfeapecmmlyn the first surface, and may be
adjusted to vary the anmount by which it projects from
the second surface. The apparatus nmay conprise a

Pl whakskbEdn®@merhisdr Ry %‘éteﬂ'léast'ﬁé‘?tréﬂ@/rr’éb@igeﬁ livittte MRS ARISDer,
may be located wthin the first nmenb
15 wherein the transport fluid supply passage is defrned between the first and

second members.

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

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

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

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

30 member. The apparatus may further comprise at least one adjuster which
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The second working fluid passage may be | ocated within
t he second nenber. The first and/or second surfaces

worenp9len2pr ovi ded with one or nore turbul ence ePtTHOBRIVS/051040

The turbul ence enhancers nmay conprise protrusions

and/ or indentations on the, og each, surface.

According to a second aspect 0f the present invention,
there is provided a nethod of generating a mst with a
m st generating apparatus having a | ongitudi nal axis,

t he nmet hod conprising: supplying a flow of transport

f | card adpisather posijimT of thielsetond 7uémbdefelatba tocthediest member,

fi d i { t th tys,
e bEDFe TS ARl Bn 356 BT apetseckn sTBREe S e
angdjasp At Ppidis@aion MEsRHPS G TAdirorB2Rs frdtisuptacaNshd

nozZl e outl’et, "and the nozzle throat having a cross
sedwydreaddiasied tahachthesamesst by amiathidprajectsifrane the second

nozzle inklet _qor nozzle outlet: supplving.a workin
i ohffe aRBpRRe R e SPRBAIYRE BN BRI,
and second surfaces to the transport fluid nozzle

i nternedi ate the nozzle throat and nozzle outlet;

ac tbe wvaiking dluichpassagn ey dedaspigdtwithinthe frst membgises

t hrough the nozzle throat, whereby the accel erated
transport fluid applies a shearingforce to the working
f | Thel stbaitd atooking dlsic passsgeknag bkl lacatet! avifhin theasedasid
of v%gour and working fluid droplets; and spraying the
mi 9€MRY¥m t he nozzl e radially of the |ongitudinal

axis, such that the spray of m st has a rotational
spray angl e about the longitudinal axis as it |eaves

t héhedipstlamdéartdespnd Buefaceanspyobe pfavidet with dne arupptd ed

to the t t fluid I b t t fluid
oalebilenGe epRancers, dfedriience RRRansess Ay SRMPESSE s of

t hErotrusions and/or indentations on the, or each, surface.

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

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

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

accelerating the flow of transport fluid as it passes through the
nozzle throat, whereby the accelerated transport fluid applies a shearing
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apparatus. The m st may have a rotational spray angle
about the longitudinal axis of at |east 5 degrees as

WO toobeeo2zes t he nozzle outlet. The m st may havECEHGB2008/051040

rotational spray angle about the Iongitudinal axis of

at | east 90 degrees as it |eaxes the nozzle outlet.

The m st may have a rotational spray angl e about the

| ongi tudi nal axis of substantially 360 degrees as it

| eaves the nozzle outlet. The nozzle outlet nmay be

conti nuous around the perinmeter of the apparatus, and

t hforoeetdthed wagking)ﬂqﬂditbet atomised thel werkey fhdid ito) $amt amgjst of
one_or nore into the nozzle outlet to

on?R%fsaé%W?%ﬂﬂQ *é'gecﬂ‘b%'? ﬁ‘”dThe nozzl e outlet may be

di scont é;ﬂ*é?lr'@ tﬂé%l@fjfrbﬁﬁthléﬂdzﬁﬁi Rididfy dfhﬁ’e ﬁﬂ@tﬁ@tdﬁ axis,
and t he may conprise the step’of &ayl ng the

mi sct thainthe pivrayf inigt s acmt@rtlenamnrev @nglecabauidbet he
t. has.a_c atiyv t| onal spray angle
ab@ﬂé't'ﬂwgn]% ala(sdtoleﬁgej%g éog?e east 90 degrees as

it | eaves the nozzl e outlets. The cunul ati ve
rotational spr Ci// e about the | ongitudi nal axis my
mag

be B b@napert A eoegaréleg tashe franspemduidiozals;by @
°“fr£ﬁ§;§or?ﬁ&g"‘&%§bg t\Af #HS O%é?%xfuﬁ]“tﬂe'lbﬁ Joﬁr?é]"a%soé‘fthe

of “wor I'rst ace

t rapsqratds.fl uid nozzle internmedi ate the nozzle throat

and nozzle outlet. The working fluid outlet may be on

the first surface, and the method may further conprise

S U1P|% YﬁlEtgm‘Qg THevB% rfd idr rap %g %B@ul’\fhlre‘ﬂbﬁ@ltﬁdlh'éldaxus of

outlet on the secon
i n:ableaetﬁ degretdsaasmeVestthe anZIarthleheThemllsemauthaefe.a

Ki fl lied f '
< RSP BT T ProuL e oMo e babieaty T egrees as
Thg |o/dsitRE nblHlebfrepp! i ed fromthe first and second
working fluid outlets

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

substantially 360 degrees as it leaves the nozzle outlet.

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

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

The nozzle outlet may be discontinuous around the perimeter of the
apparatus, and the method may comprise the step of spraying the mist
from a plurality of nozzle outlets such that the spray of mist has a
cumulative rotational spray angle about the longitudinal axis of at least 90
degrees as it leaves the nozzle outlets. The cumulative rotational spray
angle about the longitudinal axis may be substantially 360 degrees as it

leaves the nozzle outlets.
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may be the sanme fluid. Alternatively, the nethod may
conprise supplying first and second working fluids

wo eawanosdzeo fi rst and second working fluid outl ePGT/GB2008/051040

respectively. Supplying the working fluid fromthe
working fluid outlets may conzrise punpi ng the wor ki ng
fluid fromthe working fluid outlets. The nethod may
further conprise the step of adjusting the position of
the second surface relative to the first surface,

t hereby adjusting the dinensions of the transport

f | The wookinp dluicdoayrid sigppilieddraria phinspeotking fluideoutlets on

inyention, there js provided.a nmethad for preyentin
ot Purtacntodni: Bt had o Baarir RS D heee
t hgyroRt Afne2PbLReNg a net hod of generating a m st
according to the second aspect of the invention, and

further conprising spraying the mst into the space in

or COBME B, PUud A& bR nstineifrreaice, S dbs o groy
a fuptniet Boamppieetsupblyinteworkigg filidifrorhesscdrdl WokingiRGdautlet
system for preventing, controlling, or extinguishi

i pe the sesandswiaredto thadozgler iptarawsiste shegoas fitkjoat and the
. . o
Praoe e ErT b ng BGRME0 e uplq il EFERsqeth

I nwerking fluidi dutletovn tiee deserid badacdyy way of exanpl e
only, with reference to the acconpanying draw ngs, in
whi ch: Figure 1 shows a vertical section through a

I 7RE WRITRAE HENsublicd R tthd FR& ! S¥EoRBRARINGSAuid, outlets
Figure 2 shows a vertical section through a sécond
entrayi beetie seme flids tAltgrnatiely rihe apgilpdiroay céingtse sBpplying
Zhﬁr\g’? aﬁd \é?a{:(t)rhg a/lorl%lﬁgtﬂlu? S ftrgrmHglﬁrs% atnlgiI sre%o% \A?(‘)jrlklrﬁ%nﬁuig f

outlets, respectively.

Supplying the working fluid from the working fluid outlets may comprise

pumping the working fluid from the working fluid outlets.

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

dimensions of the transport fluid nozzle.

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

extinguish the fire.
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m st generating apparatus; Figure 4 shows a verti cal
section through a fourth enbodi nent of a m st

w@enene2ing appar at us; Figure 5 shows a per sperCT/GB2008/051040

vi ew of the enbodi ment of the m st generating
apparatus shown in Figure 4 ;o Figure 6 is a schematic
vi ew of how the equi val ent angl e of expansion of a
nozzle of a m st generating apparatus is cal cul at ed;
and Figure 7 shows a vertical section through a fifth
enbodi nent of a mi st generating apparatus. Figure 1
shAwsordirfg tosd faurthoas peeh Df thife iaventsin, greereriaprovgded a system

oRe st B5 Bl e AL T Sl $5e. e
pr geliss &nswpsﬁﬁ@atm%lt b¥naniHg Hppar&ts %Q:c@ﬂfr?g’td)@]'étfﬁ‘éﬁ
of atom sed droplets over a rotational angle of

beaspreai obthmigiveBloniegr ees, and conprises a first
menber 101 and a second nmenber 102. The first menber
101 has a generally cylindrical body 114 which has a

fi PRéfeRBE cORURMEAES 6ftha prodsntinntivnkill maw béldesErisdd, by
shown) and a second end having a first flange, or

di ‘é/é‘}’ of exafmplg eelyi wihr aiﬁrqnqwt%bﬁmcanwapumgedramwgsrm
bo 14 defines a first working fluid supply passage
13 ichis in fluid conmunication with the working

fluid sHigory 1 shoevsbedgrtitabsedtivn throtigide first eoebttdirabnt of a
bore 118, which extends through the body 114 in a
di P@Qe@ﬁrﬁtg}%%ﬂqr@%r allel with the first working

supply p PR gesh%%%awﬁ.g | & It.gﬂ'tlﬁgo %QS{?ﬁbeém%oﬁlnﬁéﬁtof

wor ki ng passage 1 ener a
peameiatjge;mﬂrahng apparadus;n fl ui d conmmuni cation with, the

first rkln fluid inlet
(1oL YBRR0S o LE o Anbd s IO b or o
V\Dﬁ-}@t;@g}n@}éﬂ HiseradRn; 132 so t hat working fluid may
pass mthe first working fluid passage 132 through
t he out Eiguseidfshoms a vertical section through a fourth embodiment of a
mist generating apparatus;
Figure 5 shows a perspective view of the embodiment of the mist
generating apparatus shown in Figure 4;
Figure 6 is a schematic view of how the equivalent angle of
expansion of a nozzle of a mist generating apparatus is calculated; and
Figure 7 shows a vertical section through a fifth embodiment of a

mist generating apparatus.

Figure 1 shows a first embodiment of a mist generating apparatus,
generally designated 100 and having a longitudinal axis L. The apparatus
is adapted to produce a substantially annular mist or spray pattern of
atomised droplets over a rotational angle of between 5 and 360 degrees,
and comprises a first member 101 and a second member 102.



10

15

20

25

30

140 of the first disc 112. The first working fluid
outl et 160 has a reduced cross-sectional area conpared

W eooblen2fio r st wor ki ng fluid passage 132. | n t hBCT/GB2008/051040

illustrated enbodi nent, both the first working fluid
passage 132 and first morklnggfIU|d outl et 160 extend
about the entire perinmeter of "the first disc 112, such
that both the passage 132 and outlet 160 form annul i

in the first menber 101 parallel, and preferably
coaxial, with the longitudinal axis L. The second
nehbefirst02embsr 401 bagia geharally gylexdricadbody $thivhickPidas a

f PHish&pd sonbRtiefte ahppn b BRiaR aCKED Y s Bt A Second
f1 aR@Ravinh LHisEfrde, d?ro%@qt1ar&ofe%qhglréa*awbw£hw

therefrom During assenbly, the shaf I's received

i ntherefroyor el hetigoayuttd datines adirstaworkmpdlwd supelyp@ssage 9 30
and, the exterior of th t,,. 124 def| e a ort

£ Mliniehs S b PraRbalafiod Witiing SorkFioiflFo Bubhon 3B boay
se¢ond|satihkluags fl ddrgras BoFd Y1®aﬁﬁ|@§%xﬂe3fﬁswhl'dﬂgh the body 114
connected to a working fluid su The second

wolnkd Ageetian gerarplly 9ai?é|§b‘élﬁb tflesgrst WOSKIAG rAIPPYY RRESAOPEI30.
LoThafirdidisd 1 YPRENA, & ik dRinglnutdBog8shd 1Ss LiHIGPR! !

flurd passage € secon i nes a
segemsraiip pbrmdﬁduﬂdﬂdop ang agfuiti3mvaunitcatisn gdthe trad fmst

: E&Bﬁ%ﬁ@ﬂﬁﬁwﬁh@t fpar d &r@bm{o'yﬁj a0k es B0 S pesinen o the
&% ér{oubﬂh@lﬁrit a@g.’a%@ Q%Q%ottrﬁt SFﬂPﬁgefIﬁBqnay
e secon |ng assa

vvopksmfyorml thedwa@woqkmﬂmﬂd qussa@e 482 dincdbughbrtke mgltérl uiridce

CoTARRP weclrsh 5092 U 3l Med o S 1BRaRa sesyced

haéro@sfs%@tléﬁé* é?réﬁ%%nﬁfé‘?édi e %?Woﬂ@ﬁ@ﬂﬁ@%éé&a@@q 32. In
second working fluid passag_g3 136. The Second wor

f | thedllesftated envpdirent,iboith e gt workiag fluisk mfh?@gﬁl Lﬁ2gand
\(’)V'fh tsﬁ@%fl?p@ﬁh%ﬂoé%ﬂe?qgﬁu%&&ﬁq iag?lﬁlhtﬁe%%'ﬂ% seru%'eli ftﬂg first

disc 112, such that both the passage 132 and outlet 160 form annuli in the
first member 101 parallel, and preferably coaxial, with the longitudinal axis
L.

The second member 102 has a longitudinally extending shaft 124 having a
first end connected to a supply of working fluid (not shown) and a second
end having a second flange, or disc 122, projecting radially outwardly
therefrom. During assembly, the shaft 124 is received in the bore 118
such that the wall 119 of the bore 118 and the exterior of the shaft 124

define a transport fluid passage 128 between them.

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

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



10

15

20

25

30

working fluid outlet 160. In the illustrated
enbodi nent, both the second working fluid passage 136

waeaserand working fluid outlet 170 extend abptit/GBR@®S/051040

entire perineter of the second disc 122, such that the
outlet 170 forns an annul us iy the second nmenber 102
parallel, and preferably coaxial, wth the

| ongitudinal axis L. Wth the shaft 124 inserted into
the bore 118 of the first nenber 101 , the first and
second discs 112,122 are brought into close proximty.
W transpget fliidgtasaade 4@8ornhedsesmnd1di®c 122 definss atsreeconé

TadoR0 [ ssaSe aeabiD 9 hiver Sl pBR i APy Aadn fuid

CORYRRARNatdNFit aRé seboed \A@ﬂ@ﬁﬁtﬂmﬁ s®ply passage 134. A
conver gent -di ver gent geonetry, is meant that the

no@@@dworlmgﬂlad reailef 870 ig emovrBepl alnbeaenmote ead @uth&et

1B ) RRebhab b B 0 RS gRBE o o

Cr 95SorReRbf flwdfpfé%smg@ | BGQHMIgﬁCthwdultbrt difacef14206f the
inlet 151 an outlet 155. When viewed from outsi de the

appegand@ise d&2ndhel second veerkingsfluid opeh1 &) bas griefieed
T
o R SRR B B RO AL U BR300 12

paseagecdiZd@working flaidveutlet T orichtead shdlﬂheef/vbd{mg Tioie will
nozzl e 150 ﬁro jects radiall fromthg Ion i tudin

axPasg oul RfHhe patlet Rdha gerekal tiigchen Phihe F6'§5t1 @rﬁﬂd first
an@bﬁ(l@é’ﬂ&fﬁ ?d?%t hepgilh Yok i Etrét’é'dseHgboc‘fJ Frfefn?rh?&tﬁhe second

her ot I Oha ang e Is at eas egrees,
prwbdma@ﬂyldanasSegeﬂ%canmgem \wonking fitid dLmIagnmeb(th

g5 the eRlinLbSimelnaf th soebit s Y2Bosh0r et the bffet 170
| Ofdﬁl'hts% BdulagistHe seconBshambleah by ﬁé@&léﬂ%&?@i‘erably

shoul d be understood to enconpass a rotational angleé

| yeoryialnwithdhe dongitudinadsBistlo 360 degrees. It is
preferable that the position of the second nenber 102
can be adjusted relative to the first nenber 101 , and

t hatitht theshiaft B2hineREed Mto the bore 118 of the first member 101, the
first and second discs 112,122 are brought into close proximity. With the
first and second discs 112,122 close to one another, their respective first
and second surfaces 140,142 define a transport fluid nozzle 150 having a
convergent-divergent inner geometry. By convergent-divergent geometry,
it is meant that the nozzle 150 has a nozzle inlet 151 and a nozzle outlet
155, and a throat portion 153 intermediate the nozzle inlet 151 and nozzle
outlet 155 which has a reduced cross-sectional area when compared with
that of the inlet 151 and outlet 155. When viewed from outside the
apparatus the nozzle outlet 155 forms a slot on the external surface of the
apparatus. The nozzle 150 is in fluid communication with the transport
fluid passage 128 to receive transport fluid therefrom. The nozzle 150
projects radially from the longitudinal axis L such that the nozzle 150

defines a rotational angle about the longitudinal axis L. Preferably, the
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varying the extent to which the shaft 124 is axially
inserted into the bore 118. This adjustnent varies the

wak®bmaseed bet ween the first and second surfaceBCU¢B2Mm4A51040

of the discs 112,122, and consequently the internal
geonetry of the nozzle 150. The first and second
surfaces 140, 142 may include protrusions 141 extending
fromthe respective surface and/ or indentations 143 in
t he respective surface. The nethod of operation of the
apparatus shown in Figure 1 will now be descri bed.

I nictta'amney anglensrekileast 5 degtees paref preddriaplywattleast-90 degrees

I [ f k to t h first

BB e R 1%, Wt SRR A ol S e
paﬁé@z@l@% JAstAHbINBE0 GESEEE aWBUKINRIohGiidInAIrHR Lhe
same supply, or el'se separate supplies can be used for

gaﬁumw@e 35@016115%3 ?@%bamﬂerﬁqrp@m escermpasuppl y
Lot AR o Fande ol 35 B0 HeBRRERS S ool y

passages 130, 134 |nto the first and second wor ki ng
fluid pass%?;s 132,136, and fromthere to the
r el reprafeiablthat H@e posifign elithecsecongonember A§2qga be

OUBLEL RO TR G188 10 B a L FBUHEEE achieved by

S-Sectional "area co respec
woviyirg theldxdemtas sedels thle’Sé’ha_ifBGS% ishaxually msartbdmhtd thie bofe

T R S T
t héuﬁ%@s‘ %, ‘1’&'% beihe i€l 1191 g@f 8h&'CBRSY uéhftllR/}ﬁe e
in sheet

wor ki ng f 1 ui transpo
pr géematyl f tepozae d§0aiThediirshand sgeond suacaspiil, 242 nwmy

the transport. fl ssage 128 froma transport fluid
Bl BB Usions Y RASAEES oo s HoRBc SRR ar el &
noggkptatiofs 143 ih ke téeeRos suffheé d passes through the
convergent -di vergent geonetry created by the nozzle

inlet 151 , throat portion 153 and nozzle outlet 155,

 THESGHH8F R P PBR.Birh pEBe S SRR IRE A i oy be

t od@scribed. Initially, a working fluid - preferably water - is supplied from a
working fluid supply to the first and second supply passages 130,134. The
respective supply passages 130,134 may receive working fluid from the
same supply, or else separate supplies can be used for each passage
130,134. The separate supplies may supply different working fluids to the
supply passages 130,134. The working fluid will pass from the supply
passages 130,134 into the first and second working fluid passages
132,136, and from there to the respective working fluid outlets 160,170.
As the outlets 160,170 are preferably of a reduced cross-sectional area
compared to their respective working fluid passages 132,136, there is a
build up of pressure in the working fluid passages 132,136. This leads to
a stream of working fluid being supplied through the outlets 160,170,
preferably in the form of a thin sheet of working fluid.
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wdads®nenzar ds t he outl et 155,

very high, preferably at |east sonic, velocity. As the
hi gh velocity transport fluid flows fromthe throat

it comes into conPEDGBOBIS1040
the streans of working fluid exiting the working fluid
outlets 160,170. As the two f{gu ds conme into contact
an energy transfer takes placé between the two,
primarily as a result of mass and nonentum transfer

bet ween the high velocity transport fluid and the
relatively low velocity working fluid. A heat transfer
beAvtmspre‘ldin’i grpremmdyabmmemahsipor hitfdgeind iasdppliseto

erRgyAsPariies beatagse 26 1R AdrTAPESLIC R eP yigh il then
t r gasd eroungPﬁfet Farfsphefliil Moz RN 150, OAs ﬁﬁ@trﬁﬁéﬂfdrﬂﬂu’&i' pHs3es
streans, leading to the atom sation of the working

f | threugh theaernvergentidierigent Jeomety created bytthe meale inist

v bt SR PEall e 2l dabl b i Rioes 8 Edrator

dr @plcht calrpe dhe tiapvpoe Alitetosducalera thiQupH the tARRAMSBBUS a
100 radially of the |longitudinal axis L over a spray

any#y hghgueiareblystderpt senicduglosty. about the
| ongi tudi nal axis. A dispersed dropl et-vapour flow
reginme is used herein to describe a m st conprising a

di Apehies biyhprelsetyotkavspoki fgd fflbwisdrcdh tipd eHreat NS5Htowards the
cont | nuous vapour, phase of tr ort fluid. By varyin
t hQUH&!| TR0, FECOoFRs INQRANGE! WH t ‘? geargs @f s ing fWH%@F'gg

iﬂtﬂ“feavl’@@“ 1920 ﬁ’%ﬂ%ﬁwqw W%echg't\ﬁlbéﬂ"&gfsvgﬁg@’%%

) ) e accel eration an city o
t r anangyritartsferi takesaplaoe habween)rtrheatimsmrhnanﬁwastmmsdlﬁg:femaass

t f ki ng f.luid
aceBh BBy etasbn el e dClk i AgSpoY Tyl and the
acriI SR 1%V PéloBity w&rmn@nd.dse&ﬂegﬁrrangésabm%n the high
mechani sms. The primary mechanismis the high shear

f otecﬂao%rgwreé@ntsmttﬁlendmmqiiqvgerftemmer@twe M@rklngfﬂywbaltso forms
H%rﬂ é)f \Y)@i é&eﬁggﬁ@g@r%%gﬁg%ﬁ éﬁ% \&gﬁu%gunﬂﬁg Xngl%jry tHsfer
imparts a shearing force on the working fluid streams, leading to the
atomisation of the working fluid streams. Atomisation is used herein to
refer to the break up of the working fluid into small droplets. This
atomisation leads to the creation of a dispersed droplet-vapour flow
regime spraying from the apparatus 100 radially of the longitudinal axis L
over a spray angle of between 5 and 360 degrees about the longitudinal
axis. A dispersed droplet-vapour flow regime is used herein to describe a
mist comprising a dispersed phase of working fluid droplets in a
continuous vapour phase of transport fluid. By varying the relative
positions of the first and second members 101,102, and consequently the
distance between the surfaces 140,142, the acceleration and velocity of
the transport fluid can be controlled such that the degree of atomisation of
the working fluid can also be varied accordingly.
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stripped fromthe surface and atom sed into droplets.
Two secondary break-up nechani sns further atom se the

wowrokioe4d | ui d dropl ets produced by the pri marBCT/GB2008/051040

break- up. These secondary nechani snms are a further
shear force caused by the req%lﬂ ng differentia
between the relative velocities of the transport and
working fluid streans, and the turbul ent eddy break-up
of the working fluid caused by the turbulent flow of

t he expanding transport fluid radially outwards of the
nozhé atarhisation of e working daid i§ lachicived ersiranp@danhamnd t he

D SR BR B P er s ERbER a2 Hon
148ndet3orc CPTib%Ittogﬁé‘ AorkiRg il by hePRASFrUBuiBa®hith forms
r opl d bet 1 and

rraf_orlty of (0] et s whose | aneters are e_vveen
10ligaroeninat the bonadaysusiaceatf the watsit eHrsedigauments lase

cpripBaBilant bty ABRIRE Rt RBRE LB B daa
S ppakang hchbniskirsfuther atdriise e d@@lﬁiﬁgi’rlumb@mglétb @roduced
transport fluid passage 128. "Substantially 360

deby EsPrigRBPEAsURINGBPST SeePdRNE MAsgAtNhakH? dyrther
oshéar (6l RSy $8M9Ming ofdi niabeTIen e rolifve

gf vélbeiltipg ef Elfnzf;]I tramspmt ﬁmﬂ warleing Iﬁlumsttesarﬁé,gamcmhbf tueb et
e angled to direct theiy respective streaps

woPRHYA Breakal Ry O\ ekingnilif $asRas byrteﬁ]tlfrﬁéller%ﬁgy\’é)f the
ou KS; , t N | i
oneigind rahSpdrt i TRORAY el drifEho el infit! THE
wotukbulgnt flaw ds stinaares! \whgmiine praingidng t4feand/opiraleasations

{4255 bRdGod ot ot oohe! e pbat SR sifacei 40,142
15Phéniist ferdraR Ay HeossmitbRiIsHad é‘?néﬁ‘@rﬁt?idi @rdpleisdnhose

outlets can al so be incorporated into the present
i ndiemeters are bajwener! anpi Qveicesni sat i on

The nozzle outlet 155 extends around the entire perimeter of the
apparatus 100 and the mist sprayed from the apparatus may exit the
apparatus at a spray angle of substantially 360 degrees about the
transport fluid passage 128. “Substantially 360 degrees” should be
understood to encompass a spray angle lying in the range of 355 to 360
degrees.

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

nozzle outlet 155.
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performance. A second preferred enbodi mrent of the
apparatus is shown in Figure 2, and is generally

walewpgereted 100' . The second enbodi ment is si MPCEHGBRIVS/051040

formand function to the first enbodi nent, but

i ncl udes one such alternatlvq rrangenment in which the
first and second working fluid passages 132", 136’

each have a respective inner working fluid out | et

160a, 170a and outer working fluid outlet 160b, 170b.
The inner and outer outlets form continuous or

di sconti nuous concentric annuli about the first and

112 12 th t nbodi t,
¢ PaRaGeE Bheaments phie Waming g o Rt CHOSSEBE b
0Uﬁw%brpﬁ#éie@lt|ﬁtoltfﬁ@tbre§8&hn@érﬂloimt%|f@ﬂhélom‘ibrb@é%tdrﬂ%'ahon

respect ive streans of g downst r eam and
av@grf@rmﬁﬁqeheA segened ptﬂfetr@d emd.lmlent ohthe appanelus is Bleown

= B 2 AR oty QAR R THE RBcthd bRt s

ougiila@ it foptrsaridRinctidd @b thelfvet ambaagre® buPincludes one such
second enbodi ment further inproves the di sruption of

t hé't%ﬁk\/% grrangeest inewhiehthe firy @geksacond vworkino: fhad

f
| rERSHERS 1 AR6RaH AR, Bhet iR iR dodRid i oLie
t heG(aqapaOataud ougenworkiny flddougleatl ©db,100b, The inhevend outer
| oys a further alternative arraﬁgenen

m?%ﬁ'eﬂ@ngl”b Pﬂ”tém{quét%' diggardintiRLs GOBRYHHE RBALI ?EOU’[ the first
éﬁ&%é&% di%c§ b 1'”2@t '/Qé‘ tREFiRG Sdlﬁ{e;ﬁrg‘n@g ?)aflr'ocflfﬁr'iner

secon enbo i ments, ining a first
of otthets t1ppPe, 1J@adand1thel*rea|seﬁ:mutdr euthetdi 16Ot 1 Mbt areaangled to

e R Tesaecive sBhpins qeRindd iy gPenagert g away from
PageatsrZsdutidtas s nneﬂm@ﬁfén%tr &he Whekhi¥frdhithd n%ér'&!tl%ts
160a, 160b as with the second ‘embodi nent, but the

setevrl %82 Milhgolfideiand shsyroapend apothescs will the stieams from
Se&%”&té‘%’&t?éts ]1%%b1%% Ofné/aﬁaﬁéé]%laﬁt of the second embodiment

further improves the disruption of the working fluid streams that augments
and further improves the atomisation of the working fluid by the transport
fluid.

In Figure 3, a third embodiment of the apparatus, generally designated
1007, is shown which employs a further alternative arrangement of
working fluid outlets. This third embodiment is effectively a combination of
components from the first and second embodiments, combining a first
member 101" of the type used in the second embodiment with a second
member 102" of the type used in the first embodiment. As a result, the
first working fluid passage 132" has inner and outer working fluid outlets
160a,160b as with the second embodiment, but the second working fluid
passage 136" located in the second member 102” has only a single

working fluid outlet 170 as with the first embodiment. The working fluid
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working fluid outlet 170 as with the first enbodi nent.
The working fluidoutlets 160a, 160b of the first

woreouh®e602401 " and the working fluid outlet 170POf/GBR®S/051040

second nmenber 102" are positioned on their respective
menbers such that they are pnﬁ%erably concentric wth
one anot her. In other words, e working fluid outl et
170 is positioned such that its annulus |ies between
those of the inner and outer working fluid outlets
160a, 160b relative to the axial transport fluid
passmge1ﬁﬂa1600Dﬂﬂm$kﬁthMbeanﬁraenthembddmpﬂMdnwﬂet

th 60, 160 170
o HoeT e S R Ra 100 ok BrStansd RethoR teshirtie a
Cr ﬁ\%h@béfs deeh @ﬁatQEey 'éfé’ldfé?@l%l%%ﬂﬂl@%ﬁt@e%her In

working fluid streamto further enhance

at @tglneg mqrdy?ltbe warkingdiuid aytlet Ulesmﬁ;item@d sm)chtth@t its annulus
s Blagnahss D HbbCaGTRER kst Bliites 16021600

Im«eeétt\}eom the s \Wankpoftiflgid &8s 8@%12&5 dndhigenied ahibodiment,
desi gnat ed 200. The apparatus 200 has a Ion1g6|tud| nal

axine working tymsiieasy igsgiagdiam the eylletsdt0aaic0hnbiq domet

hay qur%@l’? e el
paésﬁg%glfcfgléfi m[tpe{r?@g onglfung ﬁgﬁa@e%ﬁ%%u%ﬁbgh gﬁtu rbulence
spwhﬁzh&ﬂﬁru@mlea@h vorking ﬁhld/\ar;]tte]l:am h@fdrﬂmidnh?hnelth@m s L
of the a us 200. The shaft 202 has a first
208loaHR @%ﬁd"’%r H”ngd}B a&ﬁl?vteﬁ@yﬁ%é%?@ép?ﬁzf'u#’as an

inlet 210 and an outlet 212 at the respective first
and second ends 206, 208 of the shaft 202. A portion of
t hA fpasls agbRlimeantplaa emst gdr@raﬁingsapmratmdméingrto the

i t d 218 i d
L UPEsebliFaRISH R s RO BuBiA Sl 2R BERY-S Cshiinah
20800 Whbigbphiays %O%Q&%Hgﬂubiﬁ%ﬁéﬁg Laindkompdsseal

The shaft 202 incl udes | ange portion
ad9©ﬂ¢r§”Y nwllrw@@hah@fhaozaavmoa mnmahy pasgagst 204 deflrwd y

aof " JrRIRAE s e oo o ifp P R BEh g Budiner

eng02 and is co-axial with the longitudinal axis L of the apparatus 200. The
shaft 202 has a first end 206 and a second end 208, and the passage 204
has an inlet 210 and an outlet 212 at the respective first and second ends
206,208 of the shaft 202. A portion of the passage 204 adjacent the first
end 206 has an inner thread 214. A groove 218 is also provided in the
outer surface of the shaft 202 adjacent the second end 208. Within the
groove 218 is located an O-ring seal 220.

The shaft 202 includes a flange portion 222 which adjoins the second end
208 and which projects radially from the longitudinal axis L. The flange
portion 222 defines an abutment face 224 facing towards the second end
208 and a nozzle gap defining face 226 facing away from the second end
208. The outer surface of the flange portion 222 is provided with a
threaded portion 216. The shaft 202 also includes a section 228 having
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208 and a nozzle gap defining face 226 faci ng away
fromthe second end 208. The outer surface of the

wo b@ngenzporti on 222 is provided with a threadePCPGBRI08/051040

216. The shaft 202 al so i ncludes a section 228

havi ngan i ncreased di aneter Cfgrpared to the remnai nder
of the shaft 202. The i ncreased di aneter section 228

is located internediate the first and second ends

206, 208 of the shaft 202. Defined within the increased
di ameter section 228 are a nunber of secondary

pass a'xgxesaé&ﬁDdimﬁeier aorepadustodheiramaindeaiod theeshafb 20Re The

RS R SRR A
di gE®RirRY er&%@@@QOQ%tH@%é’ﬂﬂzézt ﬂéﬁﬁbd%fﬂ"ﬁ% i3redsed
whi ch two grooves 234,236 are defined, the grooves

2ﬁd|,amelb%¢qi@nl Wfgareal nnmbley 0§ pa@@waﬁv oasdRgesadI which are
T 234 6
TSGR s 18 178 BlImE R b3 g 20 REG s Bl Py

| ngp@RResbdlitane cREuBRGEhed ok e St 202 ﬂ'héﬂﬁﬁe@@éd tiieter
222. The 2a;iogar atus 200 al so includes a generall

ci PREioAr22f Bes armxtarnabyirfanee? 3 wowbish tWQ&Q"QOYQSo%% 236 are
{ 20EERE @ ERos A3 Bein e R osRBRTI By The

aperture terporti cent
t hancﬁthent Thecgrods@s 264,236l exapecordaiaretezpeptivd Oorng $8al

dj h f 254 Th | f f
¥ 235 2AherA lieasares 20814 AlinabReMPan N dagasa Siarsaler
&:t%’%“zzg aﬁc'i‘ﬂwéjﬂé@ezﬁgrtﬁﬁszﬂ first annular channel

exte ng ar oun e central aperture. A plurality
of smal | passages 262 extend through the disc 250 from

| o ndaBgngiuS 280 Mo ikl A Pl bt dEEaER e Bt 250.

25@h§ Wede 281Phad Bedort fdeopsel 4 heyrGa6d Ds4, &Rﬁétckéhﬁ'al aperture.
Located in the annul ar channel 260 is an annul ar

i n$be epgdurd basresnaltemdiametes posiorhad6 agiagenthe front face

sk D% BIORSELLER didb8s RERIERE 6L RSP HRS254 "he
internal surface of the larger diameter portion 258 is threaded. The rear
face 254 of the disc 250 has a first annular channel 260 extending around
the central aperture. A plurality of small passages 262 extend through the
disc 250 from the annular channel 260 to the front face 252. The
passages 262 are equidistantly spaced about the disc 250 such that they
surround the central aperture. Located in the annular channel 260 is an
annular insert 261 formed from a material having good machining
properties. In this preferred example, the insert 261 is made from brass.
The insert 261 is fixed in the channel 260 by a number of threaded fixtures
(not shown) which pass though holes provided in the disc 250 into
threaded holes in the insert 261. When fixed in the channel 260, the insert
261 defines a first working fluid outlet in the form of an annular working
fluid nozzle 263 opening onto the rear face 254 of the disc 250. The

nozzle 263 is in fluid communication with the passages 262 such that fluid
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The insert 261 is fixed in the channel 260 by a nunber
of threaded fixtures (not shown) which pass though

whedoesequovi ded in the disc 250 into threaded PoOI/682008/051040

the insert 261 . Wen fixed in the channel 260, the

insert 261 defines a first wogyking fluid outlet in the

formof an annular working fluUid nozzle 263 opening

onto the rear face 254 of the disc 250. The nozzle 263

is in fluid communi cation with the passages 262 such

that fl ui dcomunication is possible between the front

anobmawnicfeﬂimsis pbasibbetiveehdhdifiont 260 .re@pfaced 2883184 of the
. circunference of the disc 250 are a nunber of

th 85420 adj ust ment apertures 264. Located in each

adj ustnment aperture 264 is a threaded nozzle gap

adj uster 266. One end of each nozzle gap adjuster 266
pr 8pacedabpurinetarchimienentacé trisdisef250mred BemRBOOf neaded

rradiefar A FEEat, ToBrE il ad e b deeii Be s =
f r piedded neafle bapadidsterP66 hord Bﬁé\acrﬁnmﬂ@gép@djuster

threaded fixing apertures 268 are als rovided 1 n the
di 4e6 Qsme%rfr%él%ﬁ {roRgface da7gofriBasisc 220.and isigelapted to

deREhich bBhentBbAr SRbRM, T GBREAL BT A0 B0

conprises a cap ne as “ancouf
f agap aaﬁjsﬁeTCQ%lpnomtess frbactheXédr faﬁw@@bémefcas@2802N1as

a nu a res 276 which extend | ongitudinal

t hP ﬁrP Ué"%gfgeé WA RPERHIEHER 868 %'éOerQY'a?%@ ﬁ”'ﬁBd'SX 250
t hf%fr%ébuvuﬁgfhx leah8Css %ﬁl“bé‘géfafbe%“iﬂghéfe &&%PB@lov@So
whi ch surr the centre an ongi tudi nal axis

the cap 270. Also formed in the inner face 274 is an

| wi thi.n which i d Orij
2 obtie 3hadfalfs Saf 2o, iriies B 3B 0 PmbBE 2586 128 cana7 e
r eéﬁlo\atbrth@e beadsddn ihh@r RRBZI R . 9%Re @Gtéﬁr&@é 272%3@

the disc 250, as will be described bel ow.

appambetf 2pertures @7ienkhiot @xtend longitudinaly tmwgfhtm erp 870

f rgl% \/Jh"f‘c%ereceive fixtures 278 therein. The inner face 274 has an annular
channel 280 which surrounds the centre and longitudinal axis L of the cap
270. Also formed in the inner face 274 is an annular groove 282, within
which is located an O-ring seal 284, and also a number of cavities 286
adapted to receive the heads of the nozzle gap adjusters 266 in the disc

250, as will be described below.

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

to the rear face 294. The passages 306 are equidistantly spaced about
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292 and a rear face 294 and a central aperture.
Extending axially fromthe rear face 294 is an annul ar

WO 2@9/A8R40 The |ip 298 has an inner surface 300P@hiGBR008/051040

defines the central aperture, and an outer surface

302. Forned in the front fac 6292 of the ring 290 is a
second annul ar channel 304 extendi ng around the

central aperture of the ring 290. A plurality of smal
passages 306 extend through the ring 290 fromthe
annul ar channel 304 to the rear face 294. The passages
30theanireg 290 sdcls thaitthgy spacend Hisocentred apergr9losatdd in the

that th d th tral t ted | )
¢ ha AL BETRA Al P aosond aanyler dierhiie ACH ASeyEn ot

WhghulaPinsBHids 1t Refokrinkedtfrath RUhaterial B8Uihg4fbd mbéhining
formed froma material having g)%(;_d machi ni ng
e

pr pig@ertiess . Inithistpreterpdexample. gg 308He madsefrom3pass.
i's de f brass. ,The.ring 290 a nu r . of .
b LRe DG E PR kPG 47 SRR i b s
309hRpagiedtixiares B0BRasarRfdughap e 3periuné O30 Nima de@adet eoles
in the insert 308 to fix the insert 308 in position in

t hie Brdnsrst 38940 fintheinggtti 3RS ip, pasitiagyindee ickasneldQdabl e

ARy Bk BE8Es 300 PR O PR 0k may

t hibe tisad e pladehf thé threaded fix@Boes 868 hseraloseateahith the
working fluid outlet in the formof an annul ar worKi Hg

f LEJ?%P_W%?Qﬂet igseih SRPHishinRe @_ %ef@”ﬂr‘%%k'ﬂga id ?@_ﬂeb'ﬁ_t
fM @ﬁﬁftﬁger?&%ulmﬁ/oﬂ{? 'ﬂ&idﬁw"%%et%w 3%5*’”9% SRIMEBAL {28

passages 306" suc mruni cation 1S
po83%2 bf theb@ny280. iThe rfazate 3Hh indluid Camewrteicpodittothe

th i . _Th [timate t of th

appa s oy BBE B coRnaREaiB0 vl pen thefon
322n@nrchraages 209 200384 ringlp®ocover 320 is a generally
cylindrical nenber having a passage 326 extending

| ongi tudi nal Iy therethrough. The passage 326 has a

STShe Bl iR EonTRLP By AR ARS 00 8% L3Vt m&Rer 320
having a first end 322 and a second end 324. The cover 320 is a
generally cylindrical member having a passage 326 extending
longitudinally therethrough. The passage 326 has a smaller diameter
section 328 adjacent the first end 322 and a larger diameter section 330
adjacent the second end 324. Between them, the smaller diameter
section 328 and the larger diameter section 330 of the passage 326 define
an abutment face 332 facing in the direction of the second end 324. An
annular groove 334 is provided in the second end 324 of the cover 320, in
which an O-ring seal 336 is located. A pair of first supply passages 338
are provided diametrically opposite one another adjacent the first end 322
of the cover 320. The supply passages 338 are substantially
perpendicular to the longitudinal axis L and allow fluid communication
between the exterior of the cover 320 and the smaller diameter section
328 of the passage 326. A pair of second supply passages 340 are
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adj acent the second end 324. Between them the snaller
di anmeter section 328 and the |arger dianmeter section

WwW@3dnbo2tdhe passage 326 define an abut nent faceCB8B2008/051040

facing in the direction of the second end 324. An
annul ar groove 334 is provid in the second end 324

of the cover 320, in which an ring seal 336 is

| ocated. A pair of first supply passages 338 are

provi ded dianetrically opposite one anot her adjacent

the first end 322 of the cover 320. The supply

papsaiies] diafedncally dppoaite ioaklangbeeedjacent|the secoridend 324
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the cover 320 and the larger dianmeter section 330 of
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The manner in which the various components of the apparatus 200 are
assembled will now be described. As described above, the first annular
insert 261 is fixed into the first annular channel 260 in the disc member
250 by a number of fixtures (not shown). Between them, the insert 261
and channel 260 define a first working fluid outlet nozzle 263. Once fixed
in position, the insert 261 is machined so that the exposed surface of the
insert 261 is flush with the rear face 254 of the disc 250. An identical
procedure takes place in respect of the ring member 290, wherein the
second insert 308 is fixed in the second channel 304 by fixtures 309 so as
to define a second working fluid outlet nozzle 310. As with the first insert
261, the second insert 308 is then machined so that the exposed surface
of the insert 308 is flush with the front face 292 of the ring 290.
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assenbled wll now be described. As described above,
the first annular insert 261 is fixed into the first
260 in the disc nenber 250 byrPer/0BR2MM81051040
of fixtures (not shown). Between them the insert 261
and channel 260 define a fi rsﬂ; wor king fluid outlet
nozzl e 263. Once fixed in po 'O(i on, the insert 261 is
machi ned so that the exposed surface of the insert 261
is flush with the rear face 254 of the disc 250. An
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and 216 co-operating with one another. The disc 250 is

t hreaded onto the shaft 202 until it cones into
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f i ogposing segaesiwhich define a transport fluid nozzle 370 between
them. The thickness of both the disc 250 and ring 290 reduces in the
radial direction. As a result, the nozzle 370 has a diverging profile, where
the cross sectional area of the nozzle 370 is greater at any point radially
outward of the inserts 261,308 than at any point radially inward of the
inserts 261,308 up to and including the nozzle throat. The nozzle 370
projects radially from the longitudinal axis L of the apparatus and defines a
rotational angle about the longitudinal axis L. The nozzle 370 preferably
extends about the entire circumference of the apparatus 200, so as to
define a rotational angle of substantially 360 degrees about the
longitudinal axis L. “Substantially 360 degrees” should be understood to
encompass a rotational angle lying in the range of 355 to 360 degrees.
The respective annular working fluid nozzles 263,310 of the disc 250 and
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opposi ng surfaces which define a transport fluid
nozzl e 370 between them The thickness of both the
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As a result, the nozzle 370 has a diverging profile,
where the cross sectional ar of the nozzle 370 is
greater at any point radially outward of the inserts
261 ,308 than at any point radially inward of the
inserts 261 ,308 up to and including the nozzle
throat. The nozzle 370 projects radially fromthe
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Safifg bOEreshetividgond end 324 of the cover 320 abuts
the Tear face 294 of the ring 290. Once in this
p03|t| on, the Oring seals 238, 336 ensure a sealing
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then introduced onto the rear of the shaft 202. The front lip 358 of the
base 350 is introduced into the inlet 210 of the passage 204, whereupon
the external thread 360 of the front lip 358 co-operates with the internal
thread 214 in the first end 206 of the shaft 202. The base 350 can then be
screwed onto the first end 206 of the shaft 202. Once the base 350 is
screwed in completely, its front face 352 abuts the first end 322 of the
cover 320. This in turn axially locates the cover 320 against the ring 290,
such that the base 350, cover 320, and ring 290 are all secured against
one another. The shaft 202 is also secured to the base 350 by the
threaded co-operation between the lip 358 and the first end 206 of the
shaft 202. The shaft 202 therefore cannot move axially relative to the
base 350, cover 320 or ring 290. The O-ring seal 355 ensures a sealing fit
between the base 350 and the cover 320.
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In order to secure all the conponents in place, the
base nmenber 350 is then introduced onto the rear of

wo bmosbeiic 202. The front |ip 358 of the base BSDGB2008/051040

introduced into the inlet 210 of the passage 204,

wher eupon t he external threadZ 60 of the front |ip 358
co-operates with the internal™thread 214 in the first
end 206 of the shaft 202. The base 350 can then be
screwed onto the first end 206 of the shaft 202. Once
the base 350 is screwed in conpletely, its front face
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sctreogt | E2ld e radius of a circle having the same cross sectional area as
the nozzle outlet. The distance d is the equivalent path distance between
the throat and the outlet. An angle B is calculated by drawing a line
through the top of E2 and E1 which intersects a continuation of the
equivalent distance line d. This angle 3 can either be measured from a
scale drawing or else calculated from trigonometry using the radii E1,E2
and the distance d. The equivalent angle of expansion y for the nozzle
370 can then be calculated by multiplying the angle 3 by a factor of two,
where y=203.

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

adjustment has been completed, the cap 270 can be fixed to the front face
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small passages 306 extending through the ring 290.

A first annular transport fluid chamber 400 is defined by the outer surface
of the shaft 202, the inner surface of the smaller diameter section 328 of
the passage 326 in the cover 320, and the front face 352 of the base 350.
The transport fluid chamber 400 communicates with both of the first supply
passages 338 in the cover 320 and each of the secondary passages 230
extending longitudinally through the shaft 202. With the various
components in position, the free space 242 forms part of a second annular
transport fluid chamber 410 defined by the flange 222 and larger diameter
section 228 of the shaft 202 and the inner surface 300 of the rearward
projecting lip 298 of the ring 290. The second transport fluid chamber 410
communicates with each of the secondary passages 230 in the shaft 202
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passage 204 and each of the small passages 262
extendi ng through the disc 250. A second annul ar

wowrokioe4d | ui d chanber 390 is defined by the oORPCEGB2008/051040

surface of the rearward projecting lip 298 of the ring
290, and the abutnment face 3 and i nner surface of
the larger dianeter section of the cover 320. The
second working fluid chamber 390 comunicates with

both of the second supply passages 340 in the cover
320 and each of the small passages 306 extending
t hand gbtst dxea mozgleddiet fok the netzlerBvi defineddvetpeen the dist 250
cha 400 defined by the outer surface of the
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section 328 of the passage 326 in the cover 320, and
the front face 352 of the base 350. The transport
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passing through the nozzle is accelerated as it exits the first working fluid
nozzle 263 into the transport fluid nozzle 370, creating a thin ring of
working fluid exiting the nozzle 263.

At the same time as the first working fluid supply is connected to the
passage 356 of the base 350, a second pressurised working fluid supply is
connected to the second supply passages 340. The second working fluid
is also preferably water and preferably supplied at a pressure in the range
0.5-12 bar. Consequently, the second working fluid supply flows into the
second working fluid chamber 390 via the second supply passages 340.
From the second working fluid chamber 390, the working fluid passes
through each of the small passages 306 in the ring 290. The second
insert 308 and second channel 304 define the second working fluid nozzle

310 which receives working fluid from the small passages 306. As with
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shaft 202. Fromthere, the working fluid exits the
passage 204 via the outlet 212 and enters the first

wowookios4d | ui d chanber 380. The working flui d PEBGBS2008/051040

the working fluid chanber 380 via the snmall passages
262 and then passes into the f§rst wor ki ng fluid
nozzl e 263 defi ned between t channel 260 and the
insert 261 . The insert 261 is shaped so that the
nozzl e 263 has a smaller cross sectional area than
that of the passage immedi ately upstream of the nozzle
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pref erab supplied at a pressure in the range 0.5-12

baﬂoz@ﬂé%quently, the second working fluid supply
flows into the second working fluid chanber 390 via

the second supply passages 340. Fromthe second

WOAK ithg fifst aind selcant supBREs of Wwerkivy Ruidgeritérthe appesatsis 200,

260 d9s SupIof RSO0 A SERIREIEH SHRBI. B Erably a
defb}agufife §E§§UHPIF%I %t' é‘?re@sﬁ éjlrﬁm%ﬂaﬁ%é%% %ths 8onnected

recelves WwWo I Ng omthe smal assages
wi tohivditb dfithes first sepply E8sages Ba8 s &xmsequasty, ttra@fsaortglum

2 GRErs B bplra" S8l Aaholftiel 2R, FrORINESE 1| Rosket RSugn

pags@vef ﬂh@%sageé 2309{5%@@%@@02 R fErezdpandiHe: mﬁﬁth@
result, the wor uid passi ng through the second

\/\/osemcmgi tfarnﬁnwrhfdmdlcaamr ¥4 Ozstisp @sahedransppd fluichneozile
h%?é of working fluid which enters the transport

f1 U oF nozzl e 370 substantially opposite the working

fluid exiting the first working fluid

As can be clearly seen in Figure 4, the cross sectional area of the second
transport fluid chamber 410 is significantly greater than that of the nozzle
370 immediately downstream thereof, as defined between the disc 250
and the ring 290. As described above, as the nozzle 370 extends in the
radial direction towards the circumference of the apparatus, its cross
sectional area increases again. As a result, a throat section of reduced
cross sectional area is present in the nozzle 370 downstream of the nozzle
inlet provided by the second transport fluid chamber 410. As the transport
fluid passes from the second transport fluid chamber 410 into the nozzle
370, the reduced cross sectional area of the nozzle throat causes the
transport fluid to undergo a significant acceleration. This acceleration
causes the velocity of the transport fluid to significantly increase,

preferably to at least sonic velocity and most preferably to a supersonic
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nozzle 263. As the first and second supplies of
working fluid enter the apparatus 200, so does a

waeapployozad transport fluid. A transport fluid BCppEB08/051040

preferably a pressurised gas supplied at a pressure in
the range 3-15 bar, is connegﬁd to both of the first
supply passages 338. Consequ transport fluid
enters the first transport flui d chanber 400. From
there, it passes through each of the passages 230 in

the shaft 202 before expanding into the second
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nogﬁja?%ng?gmﬁg apparatus 200 radially of the longitudinal axis L over a
rotational spray angle relative to the axis L. The rotational spray angle
may be between 5 and 360 degrees. As the cross sectional area of the

nozzle 370 steadily increases downstream of the nozzle throat, the
transport fluid and atomised working fluid droplets accelerate as they pass
along the nozzle gap. The stream of mist droplets exiting the nozzle 370
also diverges as it leaves the apparatus 200. This divergence of the mist
droplets further improves the mist generation as it avoids the impinging
and coalescing of the droplets into larger droplets as they leave the
apparatus. Adjusting the nozzle gap adjusters 266 varies the relative
positions of the disc 250 and the ring 290 and consequently the
dimensions of the transport fluid nozzle 370 defined between them.
Adjustment of the nozzle dimensions in this way can vary the velocity
and/or flow rate of the transport fluid passing through the nozzle 370.

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



10

15

20

25

wo poonéreo wor ds,

The apparatus is preferably configured such that the
working fluidtransport fluid nmass flowratio is 4:1 .
four times as nmuch working flECTIGB008/051040
mass is supplied to the nozzle than transport fl uid.
As with the other enbodi nent escri bed herein, an
energy transfer takes place tween the transport
fluid and working fluid, primarily as a result of nass
and nmonmentum transfer between the high velocity
transport fluid and the relatively |low velocity
V\ofd{d:efgfrbimlihd traftsipsridhugd mnyedtionnsrealso iearariedsa sthésas h ey

ottt | g dna ek phehandsedd dhe uERE Hhplor oW rate of
at g1 ratdcRRt finaetolighithe nbesigmiioon of a mist of

di spersed working fluid droplets in a continuous
vapour phase spraying fromthe apparatus 200 radially

e b e
angbekin@yluidedroplate tat b gaseratdl Be eeeg®midatidrnef theassrking
sectional area of the nozzle 370 steadily increases

dofiwid thye frraspemh Buidaid bentpsayed frae theappssatusiaver a
angl&f lﬁﬁgh"‘%éﬂt@ﬁe ddgjptﬁd%i’gkgto? tﬁ‘é%ﬁb&!a%{:& as they
ng gap. e

pass al o e noz ream o dropl ets

exCohsgqudrelyntrezpresdninaestiordisveogesffiaient bt filiay ascldded
ratus. 200. This di ver)?ence of the m st droplets

qu‘S\HQ}e WitheudR 8 misk thanseXiginamistigsnesaling aRRAsR S, Mp@ther
' ”Bf 8! tgh At ti@@b?ﬁﬁt ”ghﬂksttB‘%hQ%%’rh%Egoh %&Ha"f‘ﬁ

dropl ets as 'eave the apparatus justing t
noemlpb@dpar&ﬂ!h@sﬂrearxgeiﬁ@hdﬂh@uotﬂe to elefine \ae"omimnai angle

f th 250.and the ring 29 t |
o1 AR B B iR s e RPN 1o B RS Nion i use
befoys N thd g Bhspst blﬁél mkmgfﬂutdsetormlngﬁ/eﬂlméwm mnst As
this way can vary the velocity and/or flow rate of the

t r thesgrparatusudan paduce g spaya mlstrm/en@zr@taéloaabangl@nce
by AT R ePh SCAaF 330 BeBlessafug BleSeRFin it B8 SBfe

Catheah%@nbéll dRetRshsagt thBisant@ae. Thus, the volume will be filled
with mist more quickly and using less of the fluids than existing apparatus
which employ single direction nozzles. By way of example, a test
conducted by the applicant using the fourth embodiment of the apparatus
of the present invention was found to fill a volume of 280 cu m with mist to
a virtually dense condition in between 30 seconds and 1 minute. The test
used the working fluid-transport fluid mass flow ratio of 4:1 as described
above.

As briefly discussed above, the increase in cross sectional area
downstream of the transport fluid nozzle throat offers improved
atomisation. The transport fluid flow exiting the nozzle gap diverges,
thereby reducing the likelihood of droplets impinging on one another and
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force will change as a result of changes to the
velocity and/or flow rate of the transport fluid

wo ootgh4d he nozzl e 370. The apparatus and net POOGB2008/051040

the present invention provide a m st of working fluid
droplets that is generated by#he atom sation of the
working fluid by a transport % uid and then sprayed
fromthe apparatus over a rotational angle about the

| ongi tudi nal axis of the apparatus. Consequently, the
present invention is nore efficient at filling a

cl csadsaing baek wmtd hargec drapletss and tars exswingihanfostthe most

gener ati ng apparat whet. her of thetvvlnflwdtype
or PG FHAHRED CEORIR(S &G SRPRGIC e chani sm enpl oy6d
and the arrangenent of the nozzle to define a
rotati onal angle about the |ongitudinal axis of the
apphe @ompontem pirtbe dawrth eohodianivwmnd theliemelns off agsesbly
tr wor ki.n to, fil ven-vol.

w SRORet IARORRIEE B erts ST ot alsPae S rafhtigan
M §&§seMiSlingatheQiomh pSHwtlts &ﬂMe&naﬁMW@é@rb@HWefrm@P&/es the
360 degrees, the present invention can spray the m st

[ na@ﬁ'vlra@y p%mlel rsliveraxial @nslgancentis. positigning petheol ume
o &%rﬁgg?%ﬁﬂsl :\‘ﬁ%‘%ﬁ&r@“s%&)n% gg%f?#ﬁaraﬁﬂaﬂﬁm refstence to

n exrsting a ar at’

si thg! dindinsitisi aftha@ tranbpsrt fiBid paysagbs exnanghaeberst est
conducted by the applicant using the fourth enbodi nent
of the apparatus of the present invention was found to

fi Rbfé%n?‘f k& B8N HeridBRs ﬁ'élw otola rﬁbéﬁl Y)liFtFe‘é% iftended to

dense co d|t|on in e mee secon s an
Thdesaibe asederndlesvalr &$ bgasfsl whmbh cambep @asily m,achmmlsxmthout

I f 4.1 de b bowv As. briefl
i St B it e ibe e AAL  Hiis Siohartantin thegese
do%brfﬁéﬂ%rﬁf séé&dlhééﬁ@@"stit drisiirss ﬂ%%h@lr{sléﬂq,ﬂén éfers

I nproved atom sation. The transport fluid flow exiting

t heagbineddlughpvith ther gspective disc or ring without any burring
problems which could partially or fully block the working fluid nozzles

defined by the inserts. The inserts of the present invention maintain a

clean edge when machined.

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

atomisation mechanisms of the invention, but is not essential.

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

provided through one of the first and second working fluid nozzles. In
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t hereby reducing the likelihood of droplets inpinging
on one anot her andcoal esci ng back into |arger

wale@plars) and thus ensuring that for the nostPEERGB2M0RE51040

atom sed droplets remai n separate. The conponents of
the fourth enbodi nent and thg#asnethod of assenbly

al so offer inprovenents int of worki ng

tol erances. Form ng and assenbling the conponents in

t he manner descri bed above i nproves the accuracy of

the relative axial and concentric positioning of the
coaqm:jnarmase thiei Ly used urozglecants passayep azn he teft empty, or else

I th ref to th d ' f th
{m' SRherL e s e8a58 1 Faiwa e FRITREREReelg 4
ggg es@S having good machi ni ng pr opert| es is

ended to describe a material, such as brass, which
can be easily machined w thout creat | ng burrs on the

oPAS TS hor 8 IR Bhitrans hibehre SR ib Al defindd Binueen

Inﬁraibpp@enn guifacds, Ned nbkHsbuliet I3 foRfet esesibt.ve di sc
or ring wthout any burring problens which could

pafeNssayersly, tha Mistieayas thadorale@yiet in aiaensei fiss, or
de I'aﬂ?P' #Xrﬁ%pg tél’ﬁseﬂ e 18&1é Bﬁﬁé U504 Iérﬁgr W8§§$%Etlonal

a n-'a ean edge en mac

pr anfe@rthgd th@matzlerthmfatbhel |srv]g|ef{m%tg béiwelleuh urnﬁse |o©@ols§19

i nt er medi ranspor uid nozzle throat an
ouBYERCSH %@‘)%Zi‘%ﬁ‘éls 3d‘!r% e'li‘? gseMeibhen V'Q‘M%gﬂb&ﬁﬂnd”
fl Hﬂh@r ORFdS &Re Ifﬁ’é&z@ n@@ iﬁb‘fﬁtﬁcﬁ%l 4R @@dﬂt%e idMitudinal
nozzl e throat, or at e t hr oat |tse Posi tioni"ng

t haxismf mmgppehrarud; orlblaatWeencEp@m B6e degee@en ot hie rfamahke har

o BRSSPt It B SR on s D s g AR b A
f UiHehgripdrBIsO VR DtthdravaidaNthedpray aﬂ@%ﬁlﬁ‘ﬁ‘é%ﬁhypénéla%f

i nvention, but is not essential.

i | betutaent 2and 36Ptdegsass andwfantike shapstasdhteayes dhel

e S R S R L )
planar, fan-like form as the mist droplets now diverge in all directions as a
result of the turbulence generated by the transport fluid. By ensuring that
the spray diverges even before it leaves the nozzle outlet, this ensures
that the droplets of the mist diverge from one another, and do not coalesce
into larger droplets. Consequently, the majority of the droplets spraying
from the apparatus have a diameter of between 1 and 10 microns.

The first and second surfaces which define the transport fluid nozzle of
any of the aforementioned embodiments can include the protrusions
and/or indentations provided in the first embodiment shown in Figure 1 to
further enhance the turbulence as the transport fluid atomises the working
fluid.
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provi ded t hrough one of the first and second working
fluid nozzles. Insuch a case, the unused nozzle and

wp2meaersy can be |left enpty, or el se the apparBtTI6€Be@R/051040

be adapted to renove the redundant nozzl e and

passages. As the nozzle of t appar atus of the
present invention is defined Oetween two opposing
surfaces, the nozzle outlet is forned as a slot.
Consequently, the m st |eaves the nozzle outlet in a
generally flat, or planar, spray pattern. As the
noYdilst thet illestrdiad eanbcaiirglentscmfdhe psestntomadntionadl ¢rhploy a

th | t h t d defi bet th )
S ve TS E0E Fia0s 5091 setRad WorkRE i 6t e e

WhescoHdemaehber, iPsRduld e @rﬁd@&to‘bﬁftﬁét th*e%dé‘?étﬁls@nay also
defines a rotational angle about the longitudinal axis

of operate puegessiidly ovitthenhwsne Bodking BEd pasgage end itlst in the

of st ety YR ABBhaRmict e EPBsEt LI phdfin P

ot feghowslsieh drihgrramiaviet. Sif thserabedirint anthRsdrt fluid
between 5 and 360 degrees and a fan-1like shape as it

| eRQede t1H50é§)§9ﬁ%QdJ§etV@%’eth6dtrStoﬂnq PREQNS,UtEr Buifacas
t h‘F1§dP“| 42 B?‘hfs*’f‘ aRd! SeeBid 'rﬁeﬂn%&”ﬂ {91, 1902 HisGel BF T s

the m’s now drverg ditecti ons ’'as
r es@dtfue@ferhbﬁduhmrbwﬂw@dise ‘gIéIZeara:t siobfby 124 ef trreamxmmdtmember

11020 sqie  Hod Spedrmuovier sulhe 1848 anabe it 114450 felps
i Qs i 1R pBI g hYEHED B RREng RBINE suofidh e

not coal esce |n ar ger rop ets. nsequent |y
najl“@rs'setopndfmelhn@edﬂ o2 eV¥orkpoauid ds b6n kymupphediﬁ'par Hteusorking

di t f bet . The f
g desnacs 2 et adiRdne Rehopa it Rose St
NOZAd &rafb %ﬂu@flstﬁﬁpﬁé&fﬁﬂﬁﬁdﬁi@% %b@ﬂh@&l‘ﬁn%p@ﬂrﬂwd
i ncl ude t 8pr otrusi ons and/or indentations provided

|npamga‘r‘s2 et iareer inswbioh the Warginadluid isatomiseis the
eRANES 1SS BT ErBalfignlsy ansPort f1ui d at o ses

Some of the transport fluid nozzles are described in the embodiments
above as preferably projecting radially from the longitudinal axis of the
apparatus to define a spray angle about the axis of substantially 360
degrees. However, it should be appreciated that the transport fluid
nozzles may be adapted to define any spray angle over 5 degrees about
the longitudinal axis, and preferably any spray angle over 90 degrees
about the longitudinal axis.

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

nozzle outlets.
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w@amsagr4@and second working fluid outlet(s)

fluid. Wiilst the illustrated enbodi nents of the
present invention all enploy a second working fluid
i NPCTI6B2008/051040
second nenber, it should be understood that the
apparatus may al so operate s essfully with only one
wor king fluid passage and outiet in the first nenber.

A fifth enbodi mrent of the apparatus 1100 shown in
Figure 7 shows such an arrangenent. In this

enbodi nent, a transport fluid nozzle 1150 is defined
beThe plurtlity df firsttwarkihgsfedd odtletstare eachfiadlag ddmthubicedidn
of fjrst. and. second ers 1101 1 102 Howev '

© hvih ot RS SREBGNE Feladds s AMemsiValy SR At st
of wbR€ng§ AGRNShI¥RGES mALEZcHRPE irf AllidbonTRBnRa6oR dithud er
surface 1142 on the di'sc 1122 still helps to define

t heespeatiepone of the plurdity befirsbworking Woickeuitets) ui d i s
supplied fromthe second nenber 1102. Working fluid is
only supplied fromthe working fluid passage 1132 and

OUTh@TpILﬂréﬁt? dfReBohddorking IR butidtsiade BAER Irefldig>0, and
transport fluid is supplied to the nozzle 1150 via the

t r erepBInication; Wittha single seeod woRdngdlHisepassaoeniAliernaiévely,

wor ki ng £ | id ' - j Rt :

pr 2 LAy of 5o AR Bagerfiel iy Bach Be'ifuic,
nozamesindcatiotiesith alvesbeaativeomeastithdiphorality aflsecena@svorking
preferably projecting radially fromthe | ongitudinal
ax %’d&Utlﬁﬁ% apparatus to define a spray angl e about
the axis of substantially 360 degrees. However, it
shoul d be appreciated that the transport fluid nozzles
mayheevakiagtfledt ootletefmanebapyodgedyithrijitestionalrwarking fluid

d t the longitudinal axis, and preferably _ .
anogins PRt B et oty Py sBuIE TreRieB s Paling muic
axitpearnEricBBR NS the frBRspdrdfgigort fluid nozzle may
ext end di scontinuously ‘around the perineter of the

apparatus, either over a portion of the perineter or
t hﬁ\/hilst the transport fluid nozzle outlet is preferably continuous and

produces a rotational spray angle of 360 degrees about the longitudinal
axis of the apparatus, it may be desirable to block selective portions of the
nozzle by way of one or more filler members. For example, if locating a
mist generating apparatus of the present invention in the corner of a room,
filler members may be inserted between the first and second surfaces to
block portions of the transport fluid nozzle outlet. This ensures that all of
the mist is sprayed out into the room and none of the mist is wasted by
being sprayed directly into the corner. The filler members may be shims
inserted into the nozzle at the desired position.

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

water or an alternative fire retardant fluid.
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entire perineter. Consequently, the apparatus nay
conprise a plurality of nozzle outlets. The plurality

w@boobiosto wor ki ng fluid outlets are each in flBRECTIGB2008/051040

conmuni cation with a single first working fluid
passage. Alternatively, a pl%k?llty of first working
fluid passages may each be i fluid conmunication with
a respective one of the plurality of first working
fluid outlets. The plurality of second working fluid
outlets are each in fluid comunication with a single
second working fluid passage. Alternatively, a

pI lity of se wor Ki f|UId ssages.nay .ea be
ol e resind, REREISr 5 T tesebpefiid §953 mptreRRY
pI ékﬁrﬁbl'é%e@faus@rcrﬂﬂggé‘ﬁ’r Ko el Ut Shawd |b%tl§nde-|:§‘t%ohﬂ"¥ﬁ§t' dtler
fluid outlets may be provided wth directional working
f | luids nﬁmb@ysmmﬂ’qe@@n Foeexannks, stean ov gatbanha@ioxidglasuld
morkln id stream encounters the
CrBHORER N RGBT Aot ransport f1utd nozsl e
outlet is preferably continuous and produces a

rotational spray angle of 360 degrees about the

| ohb® PIRfEHEH saPl RIesswe rappas &f wpfklmﬁfjuugleand transport

deﬁwﬁagé Q\Ie'il%sb['hg&}?e@? q%%'a@ ﬂg\?/rrta{iS’E%t\ﬁé rh% Wﬂfegcr%ed
one or

| owah |regoeactr|m> e G[@éﬂ’etlﬁh |dﬂgweafmmﬂhaémbo@|fnetrh©f mepmsbnt
i nvention in the corner of a room filler nenber

belNVREEPR BWRYHRAURY e FRPlied e the pihes srabrAigientsel eto
bl transport fluid nozzle outlet.
T'ﬁgbgﬁgtpggwﬁégh%?ﬁ]of the mist is sprayed out into
t he roon1and none of the mst is wasted by being
sp directl to.the corner. The filler nember
el e alarmarRedidhard Rasays YR s an fe R pibou
Pogéparafg f@h‘\*trﬂ?ﬁ%@ oitha e s@itheeerfont he present
|nvent|on may be incorporated into a respective system
and nethod for preventing, controlling, or
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working fluid nay be water or an alternative fire

wo edoaneiemi fluid.ln the foregoi ng enbodi nent s, PCTI6B2008/051040

transport fluid used is preferably conpressed air or

ni trogen. However, it should under st ood that other
fluids may be used instead. FOr exanple, steam or
carbon di oxi de could be used in place of air or
nitrogen. The preferred supply pressure ranges of the
working fluid and transport fluid, as well as the
préLAIMSd nmass flow rati o between the two, descri bed
with respect to the operation of the fourth enbodi nent
of the present invention may equally be applied to the

ot her emhad gBAELAG dpParat0¥ BBLING™ RRZRULIPEIaXISRUN.

These and other nodifications ang i nprovenents can be
mac@Mpfisingut departing fromthe scope of the present

naving 1% angeEcentappaihg sufRCEh Ao diR s HetiBoar gui

serele GyrebeMgasHiBhdces which define a transport
fluid nozzl e therebetween; and a working fluid passa?e "
y o

havi ng anvarkingtfluib RassaceNaving ag ielghppRnestaklgrtriangypp
f1 Wiofl: : | f]
sultpfkind REich Bnf ) G0c? Brithfe S¥tnb Hfst arc g SERRSS, the

f | outtetoprhenicatiey aiith thbéranspos floid ndz2ke,d nozzl e has a
nozzl e inlet connectable to a supply of transport
fluid, WHREYDRE BapsRart fuqozzlnhan NeGE!Ei iBiet connectable to

in i at e,
whe SUPES FRrisBB IR Enofiebuiet aRat hfodtibaron
whintdrneslidtedbe nozrletinhlet anfl nezzlessutichewinereni thel mdzzle throat

ngﬁn gzcgtl)% g%%tjg)%fagafe%d\fvwcﬁﬁg ns[shggn ttﬁaé}nosf%?thter {hleuégzzle inlet
or the nozzle outlet; and
wherein the transport fluid nozzle projects radially from the
longitudinal axis such that the nozzle defines a rotational angle about the

longitudinal axis.

2. The apparatus of Claim 1, further comprising a transport fluid
passage in fluid communication with the transport fluid nozzle inlet and
connectable with the supply of transport fluid, wherein the transport fluid
passage is parallel with the longitudinal axis.

3. The apparatus of Claim 2, wherein the transport fluid passage is

coaxial with the longitudinal axis.

4. The apparatus of any preceding claim, wherein the nozzle defines a
rotational angle of at least 90 degrees about the longitudinal axis.
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| ongi tudi nal axis such that the nozzle defines a
rotati onal angle about the longitudinal axis. 2 . The

wappane2us of Claim1l, further conprising a treeEEBRE0S/051040

fluid passage in fluid comunication with the

transport fluid nozzle inlet d connectable with the
supply of transport fluid, wherein the transport fluid
passage is parallel with the |ongitudinal axis. 3 .

The apparatus of Caim2, wherein the transport fluid
passage is coaxial wth the longitudinal axis. 4 . The
apﬁar at Uise apparatupotaeyprececliray olrimheheriem theenourie Hefines a

oL angleopt Saetety BeBieBass At e a i gt pxis
precedi ng claim vvher ein the nozzle defines a

rotational angle of substantially 360 degrees about
t he. | on?g'he agpaeatusief sny erecetiing dpmrwha@lr@th@mzzle outlet

prece din | aj tl et defines a
o) e daL Tt & AR Sl e MR BrB S us 7 e
appar atus of any precedl ng claim wherein the nozzle
outl et is continuous around a portion of the perineter

of /the Appapaetaius 6lanyaranpding:Claip avheiedn tfmq@%zle gutlet is

lggoﬂ U@té@uﬁ% go?f fioh gkthfngSérEﬁéte? B?H{é %br?%? cedered by

I'nser
nothel retatisnattingle. creat e a di scontinuity therei n. 9 :
The apparatus of any of Clains 1 to 6, wherein the
nozzl e outlet is discontinuous around a portion of the

peé' et Phe %prEFb?ué‘BP@'ié%U? fhRMEF &%Bbfsuhﬁ%n%%r%b@ﬂer

angl e, such he nozzl'e conprises a plurall
nomlndoarawmd;rs mayhe ifisertag pmtoathemztlemgtleptcecm&rtmg

a vvher nthe working fluid outlet opens into the
tr ﬁ%‘?ﬁ"{u'tfy P®'Mozzl e i nternmedi ate the nozzle throat

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

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

and the nozzle outlet,

11.  The apparatus of any preceding claim, wherein the working fluid
outlet is on the first surface of the apparatus.

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

substantially annular
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wo@eooblen2fio r st surface of the apparatus.

and the nozzle outlet, 11. The apparatus of any
preceding claim wherein the working fluid outlet is
12. ThECT/GB2008/051040
apparatus of Claim1l1l, wherein the working fluid

outlet is substantially annulﬁlls. The appar at us of
either Claiml1ll or CAaim1l2, erein the working fluid
outlet is coaxial with the |ongitudinal axis. 14. The
apparatus of any of Clainms 11 to 13, wherein the
wor ki ng fluid passage has a pair of working fluid

oul Bet sTha apberdtus sf esherfGlaen dfl ari{elaapdzr athesecin dimel working

wher.ei n t he pait , of. rking, fluid outlets are annul ar
an 'EMISEiSr'Q?X\'/ﬁIt"ch\QﬁSﬁ%’r@{LHJéW?I 4B-  The apparatus of
any of Clainms 11 to 14 , further conprising a second

wor ki ng_fluid passage, the second working fluid _
pa$4ageThawpngraivs ohpey of Giaieest Hbloe3,ovkersimptpleywarking fluid

+ hRASe 149 2 pal B8 VAR il B B SR PR Gd
f | gpsaraqzs lagdivitiereletieadr dhworkarzzilgidtdutiess aknghridrgr and

nozzl e outlet. 16. The apparatus of Caim 15, wherein

t heorsantee wih angeardeind wor ki ng flui d passage is
substantially annul ar and coaxial with the

| ongi tudinal axis. 17 . The apparatus of either Caim
1518r Crhae appératugef any of Cimscionid 1 rflithgr édraprdsing a
passage has.a ﬁai r of outlets on the second surface of
t he® Wa'fciiﬁﬂ WHPARREYR: hersesopdiyorkingdliug eegsage hadng

: ' ' I
Se&ﬁﬂﬂeﬁ’%ﬂﬂé&@eﬁl% F}l%g :%g?%%%ﬁme& Ahd 3R Butlet on the

concentric wt appar atus of any
pr seedidwgurtdcai oh thé appheatus,ahprauliehgpémning intaride $rmospart fluid

bod ers, ,wherein the, first d second rfaces
o e TR AR ThE el ot and Bk ehp s et
respectively, and the second

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

working fluid passage is substantially annular and coaxial with the

longitudinal axis.

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

passage are annular and concentric with one another.

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

member is at least partially received in the first member.

19.  The apparatus of Claim 18, wherein a position of the second

member is adjustable relative to the first member, and the apparatus
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menber is at least partially received in the first
menber. 19. The apparatus of Caim 18, wherein a

w@empoeam of the second nmenber is adjustabl e rE¢EHGBY®S/051040

to the first nenber, and the apparatusfurther

conprises at | east one adjust whi ch can adjust the
position of the second nenber“telative to the first
menber, and hence the di stance between the first and
second surfaces. 20. The apparatus of C aim 19,

wherein the adjuster projects fromthe second surface
onfusthieh eofmprises st idast one adjl starywbieh adinuestjest the poaitipn of the
t he anmount which it projects fromthe second.

S usecHe Momber felefide i (€ BleTatey Bh Bente I fistance
whgs@ident the firstsifd sarer suificesd surface is provided

Wi th one or nore turbul ence enhancers. 22. A nethod of
generating a mst with a m st generating apparatus

hayi ng L ongi.tudin axi the nethod,.c rising.
oty Tae 20BRats RO Fo eIt 4GB bl @f prom the
f | sesbridosrtRednitb nes fikg tswedde f arMd mayst S606Rd toRRPP tHY

surfaces of the apparatus, the nozzle conprising a
no2oent By sthichyit REgiects fem the seeend auniReezl e t hroat
intermedi ate the nozzle inlet and nozzle outlet, and
the nozzle throat having a cross sectional area which
I s21 essThéapphiaus of ary prevediteclam zivleiei e fist and/ok e
outlet; supplyi ng a \Agrki ng fluid froma working fluid
ouPFen isPreHded Wikt ongar IOEd HIPYIgREa c88afeeishe
transport fluid nozzle internedi ate the nozzle throat
and nozzle outlet; accelerating the flow of transport
fl22d aA methpdsd genehatmggd Mistewitiva zhist génerating wippasiys

e 8985 hN A al SATIRL b SRR % Shear 9
g L glplde: %5@%@9% a6 of dbn¥pereHlicah WarddtondiiHdtzle defined
between first and second opposing surfaces of the apparatus, the nozzle
comprising a nozzle inlet, a nozzle outlet, and a nozzle throat intermediate
the nozzle inlet and nozzle outlet, and the nozzle throat having a cross
sectional area which is less than that of either the nozzle inlet or nozzle
outlet;
supplying a working fluid from a working fluid outlet on one of the
first and second surfaces to the transport fluid nozzle intermediate the
nozzle throat and nozzle outlet;
accelerating the flow of transport fluid as it passes through the
nozzle throat, whereby the accelerated transport fluid applies a shearing
force to the working fluid that atomises the working fluid to form a mist of
vapour and working fluid droplets; and
spraying the mist from the nozzle radially of the longitudinal axis,
such that the spray of mist has a rotational spray angle about the

longitudinal axis as it leaves the nozzle outlet.
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spraying the mst fromthe nozzle radially of the

| ongi tudi nal axis, such that the spray of m st has a
spray angl e about the |ongitudi nal PERGB2@S/051040
it | eaves the nozzle outlet.23. The nmethod of Caim
22, wherein the mst has a rct}tf;\ti onal spray angle
about the longitudinal axis of at |east 90 degrees as
it |eaves the nozzle outlet. 24. The nethod of either
Caim?22 or Aaim23, wherein the m st has a
rotational spray angle about the Iongitudinal axis of
suB3t anThalngth86 0f Tdgme22, wiseriein theavess hbka mbdatidnal spray
outlet. 25  The t hod of a of s 22 to., 24,
ehandeatoRL e BoPEuge Sis BEAL Baet digBBrR iy eaves the
PORLIAE oRflet he perineter of the apparatus covered by
the rotational angle, and the nethod conprises an
initial step of inserting one or nore filler nmenbers

in t he, noz out | f LSC jnuitie :

t nFei nTnSaTla 3kl Chim PR e R, Msofng ist has o
whestgtidhdl Rprayodidie adaut Bie IbAgitlEiEAINXNIS BPHISHAS DI 360
portion of the perinmeter of the apparatus covered by

t hdegreeatdsdhigrvas ghenozse oulet- met hod conpri ses the

step of spraying the mist froma plurality of nozzle
outlets such that the spray of m st has a cunul ative
roe@t i omad nsgthay ofingy of @idinis 2t PHnghéraih thal nerdles ooflet is
at | east 90 dergrees as it leaves the _nozzle outlets.

2 7CORRIONEHBITS A RArlPhPLEe RETEReieR Of He 2RpATARIS Gryered by
Cobati | Ry S
LSRR g, et bpL QB0 LAl gl ok
ouvhe s maz8 filldhmemdidre dntofthampzzle ditlei tsfa2@ disc@wtinuities
vvhﬁlr%ei.n the working fluid is supplied froma pair of

wol ¥ fl ui d outlets on the first surface to the
transport fluid nozzle internediate the nozzl e throat
and nozzle outlet.29. The nmethod of any of Cains 22

t 0207, hhemsgthod @éamp&ﬂl@nﬁ 48 t 24, wherein the nozzle outlet is
discontinuous around a portion of the perimeter of the apparatus covered

by the rotational angle, and the method comprises the step of spraying the
mist from a plurality of nozzle outlets such that the spray of mist has a
cumulative rotational spray angle about the longitudinal axis of at least 90

degrees as it leaves the nozzle outlets.

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

the nozzle outlets.

28. The method of any of Claims 22 to 27, wherein the working fluid is
supplied from a pair of working fluid outlets on the first surface to the
transport fluid nozzle intermediate the nozzle throat and nozzle outlet.
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outlet is on the first surface, and the nethod further
conprises supplying working fluid froma second

wowookioe4d | ui d outl et on the second surface toPCTIEB2008/051040

nozzl e internedi ate the nozzle throat and the nozzle
outlet. 30. The nethod of any Epf Cains 22 to 29,
further conprising the step oef adj usting the position
of the second surface relative to the first surface,

t hereby adjusting the dinensions of the transport
fluid nozzle. 3 1. A nethod for preventing,

coR®r ol Thagetbod exanpgl CddimsRatd 2T eviereim tineawe(k;in:@ﬂuid

aceulRinan 66 IRy Btk aae e efioiiAGRE cofifrRes subplying

COWBFHiRd AdiaSREAY S¥tdndewikiig fiuil %Lﬁl@?oﬁ%%édhc%hrface to
anount and for a period of tine sufficient to revent

colfermizzleinterxmedigiei tba nogelefthreat ag@l. tha nogzlecont
preventing, controlling, or extinguishing a fire

within a space, the systemconprising a m st

geg@r at TRE nedtRed af Ay @€ OMifHSER to02@MirtRér EdApASIng the skep

of adjusting the position of the second surface relative to the first surface,

thereby adjusting the dimensions of the transport fluid nozzle.

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

or extinguish the fire.

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

any of Claims 1 to 21.



