1 An Inproved M st Generating Apparatus and Met hod The present
invention relates to the field of m st generating apparatus. Mre
specifically, the invention is directed to an inproved apparatus and
nmet hod for generating liquid droplet msts. 5 Mst generating
apparatus are known and are used in a nunber of fields. For exanple,
such apparatus are used in fire suppression, decontam nation and
cooling applications, where the liquid droplet m sts generated are
nor e ef f ect WPE0BAHATSa conventional fluid stream Exah§l/esoms@ongsisuch
m st generating apparatus can be found in W2005/ 082545 and '
W)2005/ 082546 to the sane applicant. Whi | st such apparatus are
easily capable of generating liquid droglet msts, they are |imted
in that they can only project the msts over short 15di stances and
have a | ow efficiency. It is an aimof the present invention to
obviate or mtigate one or nore of the aforenenti oned di sadvant ages.
20According to a first aspect of the present invention there is
provi ded an apparatus for generating a m st conprising: a first
transport fl uid%d@@&@@%ﬁﬁﬁgn%awvséppefra&rﬁswnﬁemoaid inlet, a first
transport fluid outlet, and a throat portion internediate the first

transport fluid_inlet and the fjrst tran rt. fluid.outlet, the
Lhroat porti on 35RBEERG avepiolelisde MR oruist SRAPEHY SPRELE ¢ nan
t hat of either wMuvees §peciitaltyr tedpentorfis direttedhiben inprovéckagparats andanspor t

fluid outlet; C%!'?Ho%@eﬁé‘ra%%uid droplet mists,
5

Mist generating apparatus are known and are used in a number of fields.
For example, such épparatus are used in fire suppression,
decontamination and cooling applications, where the liquid droplet mists
generated are more effective than a conventionai fluid stream. Examples

10 of such mist generating apparatus can be found in WO2005/082545 and
WO2005/082546 to the same applicant.

Whilst such apparatus are easily capabie of generating liquid droplet
mists, they are limited in that they can only project the mists over short
15 distances and have a low efficiency.

It is an aim of the present invention 1o obviate or mitigate one or more of

the aforementioned disadvantages.

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

a first transport fluid passage having a first transport fluid inlet, a
first transport fiuid outlet, and a throat portion intermediate the first
transport fluid inlet and the first transport fluid outlet, the throat portion

25 having a cross sectional area which is less than that of either the first
transport fluid inlet or the first transport fluid outlet;
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2 at | east one working fluid passage | ocated radially outwardly
of the first transport fluid passage and having a working fluid inlet
and a working fluid outlet; at | east one second transport
fluid passage having a second 5transport fluid inlet and a second
transport fluid outlet in fluid comunication with the working fluid
passage; and an outlet nozzle in fluid communication with the
first transport fluid and working fluid outlets; wherei n
t he second WORMSAHRB f| ui d passage has an outl et | ocBEREBAI50IB3he

wor king fluid passage upstream of the working fluid outlet.
Preferably, the second transport fluid inlet is in fluid

comuni cation with the first transport passage such that the second
transport fluid passage receives transport fluid fromthe first
transport fluid passage. 15 Preferably, the first fluid transport
inlet receives transport fluid froma first source. Al ternatively,

the first fluid t ranﬁg%ééﬂ%)%?%grﬁg%wg%%@ﬁo a[t)é?f‘r%ﬂﬁﬁ\}dtft\ké‘ﬂd@e@dy%%m 20a

first source and th® assage recei _
transport fl ui dirfitansporseibrasssgganddiaeingearisiiod fluid ingt and a wogdng
Preferably, th apad transport fluid passage has an inlet |ocated
in the first transport fluid passage upstream of the throat portion

of the first 25tranapeatt one pENPAS8%R9E.IuidrRaFEAARUIAYINI ARECRT ki ng f 1 ui d
outlet is Isocatpghsp@eiiad Inet and waeshnd tanspyorittiuel dutiesih fiisansport 1 ui d
outlet. 3 o ) . .
communication with the working fluid passage; and
an outiet nozzle in fluid communication with the first transport fluid
and working fluid outlets;
wherein the second transport fiuid passage has an outlet iocated in

10 the working fluid passage upstream of the working fluid outlet.

Preferably, the second transport fluid inlet is in fluid communication with
the first transport passage such that the second transport fluid passage
receives transport fluid from the first transport fluid passage.

15
Preferably, the first fluid transport inlet receives transport fiuid from a first

source.

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

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

Preferably, the working fluid outlet is located radially outwardly from the
first transport fluid outlet.



Preferably, the working fluid outlet is directed towards the

| ongi tudi nal axis of the transport fluid passage. Al ternatively,
the working fluid outlet is substantially parallel to the

5l ongi tudi nal axis of the first transport fluid passage. Preferably,
the second transport fluid passage and a portion of the working fluid
passage adjacent the working fluid outlet are arranged such that
there is a substantially straight-through passageway between the
inlet to 10MEE208EEWHd transport fluid passage and t h&CTeBIisHgssl ui d
outlet. Preferably, the working fluid outlet is |ocated adjacent the
throat portion of the first transport fluid passage. 15Preferably,
the working fluid outlet is substantiallLby perpendicular to the

| ongi tudi nal axis of the first transport fluid passage. Preferably,
the first transport fluid passage is generally cylindrical in shape.
Preferably, the working fluid passage is generally annular in shape.

Preferably, the i ] . Cl I f STy
transport 1 ui dPpaeaaans BBihaNRERARE, LR bl d gl
i ncl udes a pl ur at the yrandpovtdividipagsddeui d i nl et s. Preferably, the

first transport fluid passage has a protrusion which 30protrudes

towards the longitudinal axis of the first transport fluid passage,
4 lternatively, the working fluid outlet is substantially parallei to the

5 longitudinal axis of the first transport fluid passage.

Preferably, the second transport fluid passage and a portion of the working

fluid passage adjacent the working fluid outlet are arranged such that

there is a substantially straight-through passageway between the inlet to
10 the second transport fluid passage and the working fluid outlet.

Preferably, the working fluid outlet is located adjacent the throat portion of
the first transport fluid passage.

15 Preferably, the working fluid outlet is substantially perpendicular to the
longitudinal axis of the first transpon fluid passage.

Preferably, the first transport fluid passage is generally cylindrical in

shape.

20
Preferably, the working fluid passage is generally annular in shape.
Preferably, the working fluid passage circumscribes the first transpont fluid
passage.

25

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

inlets.

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



the protrusion being |ocated internmediate of the throat portion and
outlet of the first transport fluid passage. Preferably, the
apparatus conprises a plurality of second transport fluid 5passages.
Preferably, the plurality of second transport fluid passages are
arranged circunferentially around the first transport fluid passage.
10According to a second aspect of the invention, there is provided a
nmet hod of generating a mst, the nethod conprising the steps of:
suppl yi ng aMO2pe498rti on of a transport fluid to a PCT/EB2088000883DOr t
fluid passage having a first transport fluid inlet, a first transport
fluid outlet and a throat portion internediate the first transport
fluid inlet and the first 15transport &%uid outlet, the throat
portion having a cross sectional area ich is less than that of
either the first transport fluid inlet or the first transport fluid
outl et; supplying a working fluid to at | east one working

fluid passage | I A j : fluid
passage and havﬁ%%‘og%iﬂéagkﬁ# L&géagpwg‘r“?éﬁraé?&éh%ﬁ‘é‘gdt ?'&'Pﬁéﬁ??lﬁ%&

out | et; stipprsy ragspart deid @aesager ti on of transport fluid through
at | east one second transport fluid passage into the working fluid

passage, wherein the second transport flujid passage has an outl et
upstream of t hePRBRRINGNS RRPAFANSLGIMIYISeD 8 piorlibg 9f sgPoRddRBsRot it e on

t he worki ngs f| upghshyegnay of the second portion of the transport fluid
exiting the second transport fluid passage outlet, thereby partially
atom sing the working fluid as it passes through the working fluid
passage; and  Preferably, the pludiity@tsdcogd trhmspoafitidalabsagas ere aresdgedbr ki ng

fluid and the fétiﬁané?qutFai[h?Qro&ﬁd the first transport fluid passage.

i0 According to a second aspect of the invention, there is provided a method

of generating a mist, the method comprising the steps of:

supplying a first portion of a transport fluid to a first transport fluid
passage having a first transport fluid inlet, a first transport fiuid outlet and a
throat portion intermediate the first transport fluid inlet and the first

15 transport fluid outlet, the throat portion having a cross sectional area which
is less than that of either the first transport fluid inlet or the first transport
fluid outlet;

supplying a working fluid to at least one working fluid passage
located radially outwardly of the first transport fluid passage and having a
20 working fluid inlet and a working fluid outlet;
supplying a second portion of transport fluid through at least one
second transport fluid passage into the working fluid passage, wherein the
second transport fluid passage has an outlet upstream of the working fluid
outlet;

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

directing the partially atomised working fluid and the first portion of
30 transport fluid to an outlet nozzle in fluid communication with the



30transport fluid to an outlet nozzle in fluid conmunication with the
WO 2008/ 149073PCT/ GB2008/ 001883 5 respective first transport fluid
and working fluid outlets, wherein the respective outlets are
arranged such that the first portion of transport fluid flow inparts
a further shear force on the partially atom sed working fluid to
atom se the working fluid still further. 5 Preferably, the second
portion of the transport fluid is directed to the second transport
fluid passa@® Peomitthe first transport fluid passagePCT/GB2008/001883
Preferably, the supply of the first portion of transport fluid to the
first 10transport fluid passage is froma first source.

Alternatively, the supply of the first gortion of transport fluid to
the first transport fluid passage is frdma first source and the
supply of the second portion of transport fluid to the second
transport fluid passage is froma 15second separate transport fluid

source. Preferably, the step of s | yi ng the secon artion of the
transport fl ui d‘eﬁﬁ?%‘ﬁ%}fﬁrsf Sa?”f“éigﬁd %ﬂ%‘%é@@ﬁ’d’ﬁ??aﬁg‘%@ﬁh% | ui d
passage i ncl udegsgédies bithgs reanapgrd suth thatithienirdt pertibh pbtrarsparhipdr t
passage to an iplet of the.s n I at ed
upstream of t heHcE%Wzﬂts Sglfrf?}eg%ﬁeoa? f%%za&ﬁp‘rag’g Ft%lr“);ént&s)l'lggﬁ ?%ﬁﬂ%ﬁlumgsage.
Pref erably, theassieride porkingdinidatill futber. r ansport fluid is directed
t hrough a urality of second transport fluid passages whi ch connect
the first 25transport fluid passage and working fluid passage.
Preferably, thePraarally tog sepene partiomef thekanapett figig i iiresied o e f ur t her
step of creatinge@ngtratdpeAdnN pASSREBRATHE ithesiepoN Guit Paddagef i I st
transport fluid passage.
Preferably, the supply of the first portion of transponrt fluid to the first
10 transport fluid passage is from a first source.

Alternatively, the supply of the first portion of transport fluid to the first

transport fluid passage is from a first source and the supply of the second

portion of transport fluid to the second transport fluid passage is from a
15 second separate transport fluid source.

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

20 transport fluid passage located upstream of the throat portion of the first
transport fluid passage.

Preferably, the second portion of the transport fluid is directed through a
plurality of second transport fluid passages which connect the first
25 transport fluid passage and working fluid passage.

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

30



30 6 Preferably, the step of creating the stationary aerodynam c
shockwave includes the step of passing the transport fluid over a
protrusion or a recess in the first transport fluid passage.
5Preferably, the nmethod conprises the further step of passing the
atom sed working fluid through the stationary aerodynam ¢ shockwave
to atom se the working fluid further still. Preferred

enbodi nents of the present invention will be described, by way 10of
exanpl e onl WO A#s{1#0t3ef er ence to t he acconpanyi ng dr aRETigBzesiopisgshi ch:
Figure 1 is a cross sectional side view of part of a m st generating
apparatus according to a first enbodi nent of the present invention;
Figure 2 is a cross sectional side viem&of part of a m st generating
15apparatus according to a second enbodi ment of the present

i nvention; and Figure 3 is a cross section side view of part of
a m st generating apparatus according to a third aspect of the

present inventign Fi I fHQP I 1 st
generati ng appa?ﬁ%@&dgga%tg%%@fﬁgm@g%%%ﬁ%% sen@b%@tﬁ{l ?(E)krvl\.% Vél'nhe
appar atus 10 compluilesibe atepiof passingdis sarspoft fluif @vasaiges'onr 8 wor ki ng
fluid passage 14,800,380 RiafbpdtORid fasdfge. 25The first transport fluid
passage 12 is generaply cyli ncﬁ'i cal 1 n shape and
5 Preferably, the method comprises the further step of passing the atomised
working fluid through the stationary aerodynamic shockwave to atomise

the working fluid further still.

Preferred embodiments of the present invention will be described, by way
10 of exampie only, with reference to the accompanying drawings, in which:

Figure 1 is a cross sectional side view of part of a mist generating
apparatus according to a first embodiment of the present invention;
Figure 2 is a cross sectional side view of part of a mist generating
15 apparatus according to a second embodiment of the present invention;
and
Figure 3 is a cross section side view of part of a mist generating
apparatus according to a third aspect of the present invention.

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

nozzle 16.

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

30 the converging and diverging portions 18, 20. The throat portion 22 is



has a first transport fluid inlet 12a and a first transport fluid
outlet 12b. The first transport fluid passage 12 al so has
convergent -di vergent internal geonetry. The convergent-di vergent
geonetry conprises a converging portion 18, a diverging portion 20
and a throat portion 22 |ocated between 30t he convergi ng and

di verging portions 18, 20. The throat portion 22 is 7 |ocated
internmediate the first transport fluid inlet 12a and the first
transport fWo2208a84013et 12b and has a cross secti onal PERWER2OKHNIGH | S
| ess than that of either the first transport fluid inlet 12a or the
first transport fluid outlet 12b. 5The working fluid passage 14 is
| ocated radially outwardly of the first,transport fluid passage 12.
In this arrangenent, the working fluid passage 14 partially
circunscribes the first transport fluid passage 12. The working fluid
passage 14 has a working fluid inlet 14a and a morking fluid outlet

14b. A ti 14e pf . th K '

worki ng- 101 | ur dosrEpeHEns i % darkhh RIFRRI L hlp AP Rincp

| ongi t udi nal axiiuid @flebf24t dret Hesrastrogsrsentignetared woich ipdassiagehapol The
working fluid PARBAAE ity ﬁﬁs@engga @\eﬁ@%ﬂr@'m 1R R&HoraRidldtRePEbneen

the inlet 14a an e ou ortion 14d of the working fluid
passage adj acent the working fluid outlet 14b is inclined relative to

the longituydi naJrhe%rﬁm ﬁu.efpagéagefmr;érbcaté@mw butﬁvhmwah’@mtsage 12,
such that the wor B‘B‘?Wﬁ‘l’w outle

it
towards the | onfne Pas§ge 3¢ e ﬁé’a'?qer’%etm' t'Peder WPS’UPI%F%?QSassage
12. The outl et npgwigly thcunsscribed thaifitkt tarmsyunfloid phssageit2h Thdveofkings t

transport flui dfiul Eaelis%ggel‘? P hgsng wgllﬂc%g%fdlﬁﬁlgt% fifalalr‘qu VQ&H( l\& Iun&épﬂet 20

14b. A portion 14e of the working fluid passage 14 adjacent the working

10 fluid inlet 14a is substantially perpendicular to the longitudinal axis 26 of
the first transport fluid passage 12. The working fluid passage 14 also has
a converging portion 14c¢ between the inlet 14a and the outlet 14b. A
portion 14d of the working fluid passage adjacent the working fiuid outlet
14b is inclined relative to the longitudinat axis 26 of the first transport fiuid

15 passage 12, such that the warking fluid outlet 14b itself is also directed
towards the longitudinal axis 26 of the first transport fluid passage 12.

The outlet nozzle 16 is in fluid communication with the first transport fluid
outiet 12b and the working fluid outlet 14b.
20 .
The apparatus 10 also comprises a second transport fluid passage 24
which allows fluid communication between the first transport fluid passage
12 and the working fluid passage 14. The second transport fluid passage
24 has a second fluid inlet 24a located in the first transport fluid passage
25 12 upstream of the convergent-divergent portion 18, 20. The second
transport fluid passage 24 also has a second fluid outlet 24b located in the
working fluid passage 14 upstream of the working fiuid outlet 14b.

In the embodiment of figure 1, the working fluid outlet 14b is located
30 radially outwardly from first transport fluid outlet 12b. Also, the second



The apparatus 10 al so conprises a second transport fluid passage 24
which allows fluid communi cation between the first transport fluid
passage 12 and the working fluid passage 14. The second transport
fluid passage 24 has a second fluid inlet 24a located in the first
transport fluid passage 2512 upstream of the convergent-divergent
portion 18, 20. The second transport fluid passage 24 al so has a
second fluid outlet 24b located in the working fluid passage 14

upst r eam of WOHES{AEERI ng fluid outl et 14b. | NPEHEBRIIOEETENT
of figure 1, the working fluid outlet 14b is |ocated 30radially
outwardly fromfirst transport fluid outlet 12b. Al so, the second 8
transport fluid passage 24 and the portbon 14d of the working fluid
passage 14 adjacent the working fluid outlet 14b are arranged such
that there is a substantially straight-through passageway between the
second inlet 24a of the second transport fluid passage 24 and the

wor king fluid 5gutl t he
apparatus 10 i nﬁj’?ﬁgé ﬂé‘iﬁ%la%laﬁ tzgﬁgﬁbg%r {@nﬂt g%fé ﬁeg%g%r\?%%? eam of the
wor ki ng fluid opadsege 144@djaqelméth¢1waﬂn@ i aiet 14pereArmanges sugh thedr

m xing and atO'T}hg?et:ls%ugﬁammkémgﬁﬂwbéghl@éseﬁgI RY b bEfrRBH tHAGeBYRN

smal | er dropl et short in conparison
to the | ength ofletgéa Pfth%ﬁeqof‘ﬁﬁéﬁﬁﬂoﬁ fuid pagssesdaage “PZWOWBF'E'Ql ly, the
m Xi ng chanber J32ubtirgp approximately Omin | ength. However, it

shoul d be appreciated that dinensions of the m xing chanber 12d may
be altered depending on, inter alia, the type of transport fluid
15and/ or wor ki ngn thé emtlodimenigof tiged 1atng apbaratyspliicdudesa noking he

apparatus 10. The n%?cl?& |o§é}egﬁo%£§reghrcﬁtthe%mgﬂEQEFl‘Mtl 1hp NP4 be

descri bed. A worki suc i'S 1 ntroduced
to the working mtmng:bfpm@sa‘g@ aglawsmemmag@dfamm@ﬂpnemor&nsrﬁ'gldt he

chanmber 144@nd %&4@ cwz@nwéﬁl%lie%oﬁnbwlgso%mxnma%erhm igut | et

nozzle 16. Since the working fluid o frecte rds the
| ongi t udi nal axﬁ@orQ'B 08'1”9%'!1‘38”1‘9 @ﬁé‘?ﬁﬂ"t Offtﬁ‘% *rat t%@%é‘"ﬁ@awf‘% rki ng
fluid exits theTysedynge fixiigthanibbet2dlis apmaxisatens! mm i leanb.act with

the transport fluid. tra ort f I f . ortion
of a transport PW?‘H’)'FA\ PRI aax%ﬁg%t e@g'#pm Oﬁhg "i"ﬁ éb%eeg to
the first 25trangpoaybé Eltareld pmagg oh2inteDaka, the typecof transport fluid

conver gent 14i ver aant, GRATREE ¥eiR§ used and the application of the apparatus 10.

The operation of the first embodiment will now be described. A working
fluid, such as water for example, is introduced to the working fluid passage
14. The working fluid flows along the chamber 14 and exits the working

20 fluid outlet 14b at the outlet nozzle 16. Since the working fluid outlet 16 is
directed towards the longitudinal axis 26 of the transport fluid passage 12,
the working fluid exits the working fluid outlet 16 and comes into contact
with the transport fluid. A transport fluid (an example of a first portion of a
transport fluid), such as steam for example, is introduced to the first

25 transport fluid passage 12. Due to the convergent-divergent geometry of
the first transport fluid passage 12, the passage 12 acts as a venturi
section, accelerating the transport fiuid as it passes therethrough. The
accelerated transport fluid exits the first transport fiuid outlet 12b at the
outlet nozzle 16. This acceleration of the transport fluid ensures that the

30 transport fluid exits the outlet nozzle 16 at a supersonic velogity.



the first transport fluid passage 12, the passage 12 acts as a
venturi section, accelerating the transport fluid as it passes

t heret hrough. The accel erated transport fluid exits the first
transport fluid outlet 12b at the outlet nozzle 16. This accel eration
of the transport fluid ensures that the 30transport fluid exits the
outl et nozzle 16 at a supersonic velocity. 9 Upstreamof the
convergent -di vergent section a portion of the transport fluid (an
exanpl e of ¥O8WAMEporti on of transport fluid) al soP§1T/GREstIMBEUgh
the second transport fluid passage 24 towards the working fluid
passage 514. The transport fluid enters at the second fluid inlet 24a
and exits at the second fluid outl et 24?. The transport fluid enters
the working fluid passage 14 upstream of the working fluid outlet

14b. As the transport fluid enters the working fluid passage 14 it
inparts a shear force on the working fluid thereby partially

atom sing the working fluid as it passes through the 10working fluid
passage 14 and/or creating a bubble flowregime. Wth the first
portion of the Upsirespoefithd caniveraknoliyergerdseatian B PRItgh oy Be d8neReriand t he

partially atom gad wWonkhpe Jf'al&e@or%drﬁdagaftrB@sp\aﬂrﬂ&wgasé f[étbéjth%@ﬁﬁage 14
at the vvorklngflwd out I'et the partially atom sed working fluid

is 15subj ected & SPEI‘?W@“SB%W P%ﬁsé%%z‘b?‘“?ﬁjé the ‘é(ﬂ'%‘t‘)‘@rﬂf“dfqaﬁ?@e The
result of this s tﬂf@iraﬁsbsn paa bhtd at et eabsetlicids brgadd eitd at Be

t d furth d di l et fl
o e etk B Bk (A el A i SR BfRGRiP 1 11 o
Furthernore, thpadsagbdid epsieacydditeesbribng fitid otieindipoAs thiel transpoat fii ai ds
in the atom sat| Rt@rs%?(ﬁlgﬁ nﬁqlrulﬁ' dﬂlxgs >éeul'f-tq‘r ln'@éﬁga sﬁéh‘? fc%geeélp BScihf the

wor ki ng fluid, 8t “Wror he out | et nozzl e 16
causes further ﬁ@féi‘hegﬁwni‘@ﬁlﬂﬂv aﬁ’ﬁ'@'ﬂ&ih%lf‘fﬁ@m@lf@idcﬂs ’Fﬁﬁﬁﬁf?@hfﬂyﬁ’éth‘f’t he

expansi on a§d/ ofoAMtHLRGSHsS8Le0f4 druAnERANg 4 butitie figW regianspor t 1 ui d
m xture, may enhancé further atom sation of the working fluid. 25The

apparatus 10 therefore creates a flow of substantially uniformsized
With the first portion of the transport fluid flowing at such high velocity and

the partiaily atomised working fluid exiting the working fluid passage 14 at
the working fiuid outlet 14b, the partially atomised working fluid is
15 subjected to further shear forces by the transport fluid. The resuit of this is
that the partially atomised working fluid is atomised further by the transport
fluid and a dispersed droplet flow regime is produced having extremely
small water droplets. Furthermore, the turbulence created by the
- transport fluid also aids in the atomisation of the working fluid. Also, the
20 expans'ion of the working fluid, or working fluid mixture, exiting the outlet
nozzle 16 causes further atomisation of the working fluid. Furthermore,
the expansion and/or contraction of transport fluid, or transport fluid
mixture, may enhance further atomisation of the warking fluid.

25 The apparatus 10 therefore creates a flow of substantiaily uniform sized
droplets from the working fluid. Due to the fact that the transport fluid is
transported centrally along the first transport fluid passage 12, the
apparatus is capable of projecting the droplets a great distance.



droplets fromthe working fluid. Due to the fact that the transport
fluid is transported centrally along the first transport fluid
passage 12, the apparatus is capable of projecting the droplets a
great distance. 10 Figure 2 shows a second enbodi nrent of the m st
generating apparatus 100. In figure 2 the working fluid outlet 114b
is located adjacent the throat portion 122 of the

convergent-di vergent portion 118, 120. In this arrangenent a portion
114d of theW™aPWIIHE73f | ui d passage 114 adj acent the BCHEBRISMHHSE] ui d
outlet 114b is inclined relative to the |ongitudinal axis 126 of the
first transport fluid passage 112, such that the working fluid outlet
116 itself is also directed tomards thq | ongi tudinal axis 126 of the
first transport fluid passage 112. 10The operation of the second
enbodinment is simlar to that of the first enbodi nent, the major

di fference being that the working fluid exits the morking fluid

passage 114 adj ﬁé §iato §h%§/tstatye9&4d é?%o%i'in?éht é?t%e%sttg@ﬁeratm apparatus

conver gent - di ver gent por 0 an he wor k l'uid enters

the first transmﬁtlﬂﬂwrﬁ(?tbﬁﬁ@ﬁ‘g@ fighoutiptal 148 s lppated ¢ W@ﬁf*hﬁﬂgoaf
transport fluid or{uEh {j@tg;@&ﬁq%e@m@@éﬁeﬁémémﬁmwl mgh.gl uidis

again partlally at om se the transport # % %J nf%cond
transport fl ui d3FA9SESGE! aiEQf“QIbH“rdé’éFHedW”f‘H% '%PR?%&GET AR |

114b. The parti abingalRroused: Mbikintiged rartie enthe teryguditee akis n 86 of
transport fluid S e 1 t t,nr,0 ted to
t he sane sheariWg%ﬁ"s%gﬂ%ooéi'g@p@?g gdq?‘rsgl}ﬁg@%tEHesporéiﬁ&ﬂu'aoﬁt&é?hgé:f| rst
20enbodi ment . Asseihiphlad diesttestiowards thedongiltdinall dxip 126 ofihedigst enddortg

fluid enters th sport fluid passage 112 against the flow
of the transporﬁu{jF %%géq'ﬁi's aids the shearing effect of the

accel erated transport fluid, thus increasing the atom sation of the
working flypd. +pRe Bﬁur&n&rﬂ?q@é&ma Sritsodimé issdraimdrit Gansfang sef | on takes

I dj t the th t 122 5 h t
Plurd i 11 ow ngmaedidederedinie Draie e harfRivehEa MR s oat i on
?rzgc;azalalr Zst [lﬁre@gmng ﬂmdnmm tiggadm%a;mmmthm pmmordiz’hiamfng pgrtl ggt o

c?rh'/% g% t<§|9gré rﬁp Bn 17 8! 1%9%%’9{9%0%9% degﬂe sle{? fid P
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the 30n0zzle oufd®hd thBoditteieRe Wahdriaiicht agAiA phiaNy RAbmisBebywpeki ng
flurd. 11 transport fluid exiting the second transport fluid passage 124 upstream of
the working fluid outlet 114b. The partially atomised working fiuid entering
the first transport fluid passage 112 at the throat portion 122 is subjected
to the same shearing by the accelerated transport fluid as in the first
20 embodiment. As explained above, the partially atomised working fluid
enters the first transport fluid passage 112 against the flow of the transport
fluid. This aids the shearing effect of the accelerated transport fluid, thus
increasing the atomisation of the working fluid. In this embodiment the
main shearing atomisation takes place adjacent the throat portion 122, i.e.
25 where the transport fluid is flowing at supersonic velocities. This shearing
atomisation process is therefore extended through the entire divergent
portion 120 towards the outlet nozzle 126. Furthermore, working ftuid
located on the walls of the divergent portion 120 is stripped therefrom by
the transport fluid and the expansion of the working fluid exiting at the
30 nozzie outlet 116 causes further atomisation of the working fluid.



Figure 3 shows a third enbodi nent of the m st generating apparatus
200. In figure 3 the divergent portion 220 of the transport fluid
passage 212 includes a protrusion 228 which protrudes towards the

| ongi tudi nal axis 5226 of the transport fluid passage 212. The
protrusion 228 is |located internmediate of the throat portion 222 and
outlet 212b of the transport fluid passage 212. The protrusion 228
produces a stepped portion which includes a ring-shaped surface 222a,
which |ies MPABHFAPe which is substantially perpendPEUEBR0S0HIENE

| ongi tudi nal axis 226. 10 The purpose of the portion 228 is to create
a stationary aerodynam c shockwave in the apparatus 200. The
operation of the third enbodinment is sijgilar to that of the first and
15second enbodi nents, the only difference being that the dispersed
droplet flow reginme exiting the outlet nozzle 216 passes through the
stationary aerodynam c shockwave. This shockwave creates further

atom sation of the dispersed droplet flow regine. 20The m st
generating apparatus 10 therefore obviates or mtigates the
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al though tfe portion l4e of the vvorkl ng fluid passage 14 adj acent the

working fluid i Iet 14a has been u above as
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The operation of the third embodiment is similar to that of the first and

15 second embodiments, the only difference being that the dispersed droplet
flow regime exiting the outlet nozzle 216 passes through the stationary
aerodynamic shockwave. This shockwave creates further atomisation of
the dispersed droplet flow regime.

20 The mist generating apparatus 10 therefore obviates or mitigates the
disadvantages of previous proposals by pre-atomising the working fluid
upstream of the working fluid outlet 14b and providing centralised
transportation of the transport fluid. Pre-atomising the working fluid
upstream of the working fluid outlet 14b results in less transport fluid being

25 required to produce the dispersed droplet flow regime. This increases the
efficiency of the apparatus 10. Also, providing centralised transportation
of the transport fluid allows the dispersed droplet flow regime to be
projected further than conventional methods.



12, it should be appreciated that the portion 14e of the working
fluid passage 14 adj acent the working fluid inlet 14a may be
substantially parallel to the longitudinal axis 26 of the first
transport fluid passage 12. In this case the working fluid passage 14
is generally annular in shape and 10circunscri bes the first transport
fluid passage 12. Al so, although the working fluid passage 14 has
been descri bed above as having one working fluid inlet 14e, it should
be appreci a¥WPIHAwor ki ng fl ui d passage 14 may havE@CHGPIMWMAISEY y of
working fluid inlets 14e. 15 Al so, although the portion 14d of the
wor king fluid passage 14 adjacent the working fluid outlet 14b has
been described and illustrated above asgbeing inclined relative to
the longitudinal axis 26 of the first transport fluid passage 12, it
shoul d be appreciated that the portion 14d of the working 20f!l uid
passage 14 adjacent the working fluid outlet 14b may be substantially

parallel to th%h&%&h@éﬂ@hﬁ@@bﬁle%nﬁgyﬁehﬁaée'tﬁﬁe Adogé SRS fluid

passage 12. Furthernore portion 1 of the working
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10 circumscribes the first transport fluid passage 12.

Also, although the working fluid passage 14 has been described above as
having one working fluid inlet 14e, it should be appreciated that working
fluid passage 14 may have a plurality of working fluid inlets 14e.
15 .
Also, although the portion 14d of the working fiuid passage 14 adjacent
the working fluid outlet 14b has been described and illustrated above as
being inclined relative to the longitudinal axis 26 of the first transport fluid
passage 12, it should be appreciated that the portion 14d of the working
20 fluid passage 14 adjacent the working fluid outlet 14b may be substantially
paralie! to the longitudinal axis 26 of the first transport fluid passage 12.

Furthermore, although the portion 114d of the working fluid passage 114
adjacent the working fluid outlet 114b has been described and illustrated

25 above as being inclined relative to the longitudinal axis 126 of first
transport fluid passage 112, it should be appreciated that the portion 114d
of the working fluid passage 114 adjacent the working fluid outlet 114b
may be substantially perpendicular to the longitudinal axis 126 of first
transport fluid passage 112.

30



5 Al so, although the apparatus 10 has been illustrated and descri bed
above as having a single second transport fluid passage 24, it should
be appreciated that the apparatus 10 nay conprise a plurality of
second transport fluid passages. In this case the second transport
fluid passages 1l0are arranged circunferentially around the first
transport fluid passage 12. Furthernore, although the portion 228 has
been illustrated and descri bed above as creating a stationary

aer odynam cW&HOBRWARe i n the apparatus 10, it shoul dP&RGE|Ii0EE3at ed
that a stationary aerodynam ¢ shockwave 15may be created in the
apparatus 10 by selecting a suitable geonetry of the apparatus 10.

Al so, although the second transport fly,d passage 24 has been
illustrated and descri bed above as recerving transport fluid fromthe
first transport 20fluid passage 12 by directing a portion of
transport fluid fromthe first transport fluid passage 12 to the
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second transpor pass cou ceive transport fluid from
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fluid has been described above as exiting the outlet nozzle 16 at a
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arrangenent of &4
as having a single second transport fluid passage 24, it should be

appreciated that the apparatus 10 may comprise a plurality of second
transport fluid passages. In this case the second transport fluid passages
10 are arranged circumferentially around the first transport fluid passage 12.

Furthermore, aithough the portion 228 has been illustrated and described
above as creating a stationary aerodynamic shockwave in the apparatus
10, it shouid be appreciated that a stationary aercdynamic shockwave

15 may be created in the apparatus 10 by selecting a suitable geometry of
the apparatus 10.

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

second separate source.
Furthermore, although the transport fluid has been described above as

exiting the outlet nozzle 16 at a supersonic velocity, it should be
30 appreciated that, by alternative arrangement of the internal geometry of



the transport fluid passage 12, the transport fluid nay exit the
outlet nozzle 16 at |ower, sonic or subsonic, velocities. Al so,

al t hough the working fluid outlet 14b, 114b has been illustrated 5
above as being annular, it should be appreciated that the working
fluid outlet 14b, 114b may conprise a series of holes circunscribing
the first transport fluid passage 12, 112. Using a series of holes

i nstead of an annul ar outlet increases the dispersion of the working
fluid. 10FUMHEBAHRIE, al t hough the working fluid hasPEEEPIPE8EE] bed
above as being water, it should be appreciated that the working fluid
may be any suitable liquid and may al so include and additive (e.g. a
surfactant) or a decontami nant. Simlardly, although the transport
fluid has been descri bed above as belng stean1 it should be
appreciated that the transport fluid 15may al so be gas (e.g.
conpressed air, Nitrogen or Helium. Al so, although the apparatus 10

described in f1guss b ApRaso0en edBRGid PRy sy biIohygLRAngeas Xi ng

chanber 12d | oca ownst ream of t lurd outlet 14b, it

shoul d be appr et8 aitlewert $ruic risebsaNG: MYJOE¥R8nber 2012d is optional and
is not essential for the function of the apparatus 10. Further rmre

al t hough the apparatus 200 has_ been descri bed
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varying, inter aI|a con I ons e g. pressure, tenperature,
density etc.) of 30the transport fluid working fluid. CLAIMS 1. An

appar at us H)r gPWe@ﬁwbﬁgalﬂ:oﬂbﬁﬁwer flidBas been descnbegaﬁdﬂfesds f
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of either the f anspo irst transport
fluid outlet; above asbeing steam, it should be appreciated that the transport flui

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

Also, although the apparatus 10 described in figure 1 above has been

described as including a mixing chamber 12d located downstream of the

working fluid outlet 14b, it should be appreciated that the mixing chamber
20 12d is optional and is not essential for the function of the apparatus 10.

Furthermore, although the apparatus 200 has been described above as
having a protrusion 228 which creates a stationary aerodynamic
shockwave in the first transport fluid passage 212, it should be

25 appreciated that a stationary aerodynamic shockwave may also be
created by a recess in the first transport fluid passage. Also a stationary -
aerodynamic shockwave may also be creatad in the apparatus by
canfiguration of the internal geometry of the apparatus and by varying,
inter alia, the flow conditions (e.g. pressure, temperature, density etc.) of

30 the transport fluid working fluid.



at | east one working fluid passage |located radially outwardly of the
first transport fluid passage and having a working fluid inlet and a

working fluid outlet: an outlet nozzle in fluid
comuni cation with the first transport fluid and working fluid
outlets; and a second transport fluid passage having a

second transport fluid inlet in fluid conmmunication with the first
transport fluid passage upstream of the throat portion, and a second
transport fluid outlet opening into tke-working fluid passage
upstre'ankﬁkm&pe wor king fluid outlet; wherein the working
fluid outl'et I's located in the throat portion of the first transport
fluid passage. 2. An apparatus for generating a mst as clained in

claim1, wvherei anbhRramrk i.d.qutlet is directed towards the
RoEhR fdlggesr%dn P ar{é;géwnsm‘ui d passage. 3. An

| ongi t udi nal axi_g, t he f1
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protrudes towar dsleashenelvargrigttuidipagdag@bSadha LISt . fr ort fluid
passage, pigad¥pl hg%gqﬁpﬁﬁ}g dl.q(ig? ﬁd ie?,t e?‘%}]gg? a%'{eﬁg;‘tg? ﬁgﬁgﬂﬁpaﬁﬂwd
portion and outlet of the tirst trans ¥k dedelhassage. 5. An
apparatus for g8heatnonte i fini semmunicatiar witbthel finst 8epdH R0l WO Alidn
further cowipisimiing a plurality of second transport fluid passages.

6. An apparatus t] a mst as clained in claim5, wherein
the pluralit %%o?g‘%ﬁ%ﬁ%géﬁadﬁf@%é‘?ﬁag? ﬁ%yina 2 58e08% rnspat flvidantet arfyield

ci r cunf er EARTULCRYPn 41ith thadirst tanspartfistd assags pRtéant SriiedniBADSAGE and 5
second transport fluid outlet opening into the working fluid passage upstream of the workin
fluid autlet; ;

wherein the working fluid cutiet is located in the throat portion of the firs

. t transpo
fluid passage. o

2. An apparatus for generating a mist as claimed in claim 1, wherein the working fluid

outlet is directed towards the longitudinal axis of the first transport fluid passage.

3. An apparatus far generating a mist as claimed in either preceding claim, wherein the

working fluid outlet is substantially perpendicular to the longitudinal axis of the first transport
fluld passage.

4, An apparatus for generating a mist as claimed in any preceding cfaim, wherein the

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

the first transport fluid passage, the protrusion being located intermediate of the throat portion
and outlet of the first transport fluid passage.

5. An apparatus for generating a mist as claimed in any preceding claitmn, further

comprfsjng a plurality of second transport fluid passages.
6. An apparatus for gengrating a mist as claimed in claim 5, wherein the r.;lura!ity of

second transport fluid passages are arranged circumferentially around the ficst transport fluid
passage. |
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ting a mist as claimed in claim 7 or claim 8, wherein the method

comprises the further step of creating a stationary aerodynamic Shockwave in

the first transport
fluid passage.

10. A method of generating a mist as claimed in claim 9, wherein the step of creating the

stationary aerodynamic Shockwave includes the step of passing the transport fluid over a
protrusion or a recess in the first transport fluid passage.

11. A method of generating a mist as claimed in claim 9 or claim 10, wherein the method

comprises the further step of passing the atomised working fiuid through the stationary
aerodynamic Shockwave to atomise the working fiuid further still.




any one of the enbodi ments of the invention illustrated in the
acconpanyi ng drawi ngs and/or exanples. 13. A nethod of generating a
m st substantially as herein described with reference to any one of
t he enbodi nents of the invention illustrated in the acconpanying

drawi ngs and/ or exanpl es.
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12. An apparatus for generating a mist substantially as herein described with reference to
any one of the embodiments of the invention illustrated in the accompanying drawings and/or
examples.

13. A methu_d of generating a mist substantially as herein described with reference to any
one of the embodiments of the invention illustrated in the accompanying drawings and/or
examples.



