1 AN | MPROVED APPARATUS FOR GENERATI NG M STS AND FOAMS The present
invention is directed to an apparatus for generating msts and/or foans
from t wo Wwbens73@9Appar at us whi ch generate m sts due tecrla2ntseaet i on of
two fluids within the apparatus are often referred to as "twin fluid

atom sers”. In many cases, these atoniserﬁ utilise very small dianeter
passageways and channels for the fluids to pass through. These passageways
and 10channel s necessitate extrenely high | evels of accuracy when machi ni ng
parts and/or assenbling a nunber of parts together. It is therefore
possi bl e that inaccurate machining or assenbly will have a detrinental

effect on t hANANPRGVED APPARATUS FOR GENERATINGOMISTS ANDIFOAMS ti on,
when seeking to generate snmall droplets in mst generation applications
many existing twin fluid atom sers generate hi gh | evel s of shear and

turbul ence i "]'hfegtﬁ'ebé‘ﬁtelﬁ%ﬁtid?ﬂs% st tzﬂ?abﬁﬁ‘é’ra‘c Ho‘?'?gﬁ@réfﬁﬁgtrﬁls?é:h' eve the

desired degree atom sation esir e In“mst-generating
appl i cat i ons andferdeamisdgrorh éwelflsiidst. shear and turbul ence are 20undesirabl e
in foam 5generati ng applications as they can inhibit the creation of bubbles
in the ffoam Consequently, existing m st-generating apparatus nust be

replaced by %ﬁfgﬁ?ﬁfﬁ@%ﬁ]@ﬁ?bﬁe%hét‘s due tBQﬁé%{ﬂéFéttbﬁ O?WVBQI®|J§\QWH|H‘ st
generation to foam generafion in exanpl e, fire suppression

appl i cati on. t%apparaéuaareaoftﬁmrefeﬁedmQSemlmﬂuwbahormaers wiaaye or
mtigate one L t h. Accor di ng
to the preseﬁg ?%aé%??gpmlgﬁ%r@lg@%&%%ﬁ%ﬂ@d%ﬁggeﬁﬁ%sggﬁéw?ﬁ alfl,fl)generati ng a
m st and/ or fchanhelsher dRIRIGS WSpE PRSI IThese passageways and
10 channels necessitate extremely high levels of accuracy when machining
parts and/or assembling a number of parts together. It is therefore
possible that inaccurate machining or assembly will have a detrimental

effect on the efficiency and performance of the atomiser.

15 In addition, when seeking to generate small droplets in mist generation
applications many existing twin fluid atomisers generate high levels of
shear and turbulence in the interaction between the two fluids so as to
achieve the desired degree of atomisation. Whilst this is desirable in mist-
generating applications, these high levels of shear and turbulence are

20 undesirable in foam-generating applications as they can inhibit the
creation of bubbles in the foam. Consequently, existing mist-generating
apparatus must be replaced by a foaming nozzle when it is necessary to
switch from mist generation to foam generation in, for example, a fire
suppression application.

25
It is an aim of the present invention to obviate or mitigate one or more of

the aforementioned disadvantages.

According to the present invention, there is provided an apparatus for

30 generating a mist and/or foam, the apparatus comprising:



2 at least one first fluid supply passage having an inlet in fluid
comuni cation with a first fluid supply and a first fluid outlet; at

| east oneweeoermd3dabui d supply passage having an inlet i ®RCTIGB2d11/052402
comuni cation with a second fluid supply and a second fluid outlet; and 5a
nozzle in fluid comunication with the figst and second fluid outlets, the
nozzl e having a nozzle inlet, a nozzle outlet, and a nozzle throat
internedi ate the nozzle inlet and nozzle outlet, the nozzle throat having a
cross sectional area which is I ess than that of both the nozzle inlet and
nozzl e outlet; 10and wherein the second fluid outlet includes a porous
menber through whiatlkedshenedicstifilid bupply pastade baving dnpioteturs floinber " is a

menber which permts the nopver of fluids through it by way of pores. 15
The nozsle. mEpTSBUGGAAT WEBIA WE! 1id 5Pl Stk TEUdBHRIOMIEH o out | et oo ier ei n
the first and secopfbdsh Bhé s%%h@‘i‘lé%oﬁ:irlfpﬁé)?pé%é‘d  [FANHY BhGAlet ﬁ’f‘frl]d}ﬁmtjh the

nozzle inlet. 20The apparat us nay rise a mxing chanber
i nt er medi at e cohentinicgtiorawith sesenondffluid dupplylasdsa aeconchiuidatlet; andl et . The

por ous nmber may be holl ow.and surr.ound t second fluid tlet so as to
ot i no ah 1 nner S Rardie i T Zorrinieetiin iR SSETRE AppsRcRnd b x5 ng
25chanber . ) T%tl@@[%n@ﬁ!@%viﬁ@h H@zﬁéﬂﬂé@ﬁ AdxzREHIM dt, HBY aMRtzIeof the )
second fluid through it in a radial direction onLLfé.{mgn ot her words, axi al

nmovenent of theatwéermediate thetnozaieghlet ked wzaleso e naxglenreatevent ed.
having a cross sectional area which is less than that of both the nozzle

inlet and nozzle outlet;
10 and wherein the second fluid outlet includes a porous member
through which the second fluid must flow.

A “porous member” is a member which permits the movement of fluids
through it by way of pores.

15
The nozzle may be downstream of the first and second fluid outlets,
wherein the first and second fluid outlets are in fluid communication with

the nozzle inlet.

20 The apparatus may further comprise a mixing chamber intermediate the

first and second fluid outlets and the nozzle inlet.

The porous member may be hollow and surround the second fluid outlet
so as to define an inner chamber at least partially located within the mixing

25 chamber. The porous member may be adapted to permit movement of
the second fluid through it in a radial direction only. In other words, axial
movement of the second fluid through the porous member may be
prevented.



3 The apparatus may conprise a plurality of first fluid supply passages
havi ng respective first fluid outlets, the first fluid outlets being

ci r cunf erwotpedd7go4gpaced about the second fluid outl et. PEAGERINASR4A0R] y, the
first fluid outlet may be in fluid comunication with the nozzle inlet,
whi |l st the second fluid outlet may open ifnto the nozzle throat. The
apparatus nmay further conprise at | east ohe nozzl e extension having an
extension passage with a first end connectable to the nozzle outlet and 10a
second end renote fromthe nozzle outlet, wherein the first end of the

ext ensi on passage has a cross sectional area substantially the sane as that
of the nozzl §heupparatusmaywbemerise tahguralisef firstfluidrsalpphr eessafjeshe ext ensi on

passage increases between fhe_first and second en t hereof. The increase

Rt he o oss NOUED BRRFCHRSLRUR e B fion THEKAEe REObe 151 near

Accor di ng tocﬁcéﬁ?&aﬁtié‘lﬁpﬁ‘éce@faﬁ&ﬁthé‘gé APfuiddiRee | s provided a method
/[or foam the 0

I
of generating a mst an nmet hod conprising the steps of:
supplying pressurised first and second fluids into respective first 20 and

second fl ui d passage f m.st/ f Qam gener at ,ng appar at u t econd fluid
passage 1 ncl Heﬁbaa}ge egr&%ﬁrs[t p‘IHﬂuo@fﬁt!ngqy e ﬂkjfg&d@%mﬂ@?ﬁ%wgﬁ tﬁﬁer ein,
directi ng t heolileShiet,| whitst i@ seddiry fiuid Sutiét hh'a‘} dpRPSAELtheorzfie megad e having
a nozzle inlet, a nozzle outlet, and a nozzl e throat whose cross

25sectional area is less than that of both the nozzle inlet and nozzle
O 0 T e e e L
an extension passage with a first end connectable to the nozzle outlet and
10 a second end remote from the nozzle outlet, wherein the first end of the
extension passage has a cross sectional area substantially the same as
that of the nozzle outlet, and wherein the cross sectional area of the
extension passage increases between the first and second ends thereof.
The increase in the cross sectional area of the extension passage may be
15 linear.

According to a second aspect of the invention, there is provided a method
of generating a mist and/or foam, the method comprising the steps of:
supplying pressurised first and second fluids into respective first
20 and second fluid passages of a mist/foam generating apparatus, the
second fluid passage including a second fluid outlet having a porous
member therein;
directing the first fluid from the first fluid passage into a nozzle
having a nozzle inlet, a nozzle outlet, and a nozzle throat whose cross
25 sectional area is less than that of both the nozzle inlet and nozzle outlet;
directing the second fluid from the second fluid passage through the
porous member and into the nozzle to mix with the first fluid;
accelerating the first and second fluids through the nozzle throat;
and spraying the first and second fluids from the nozzle outlet.



accelerating the first and second fluids through the nozzle throat; and
spraying the first and second fluids fromthe nozzle outlet. 4 The first
fluid mywbeor/gas9 The gas nmay be sel ected from the gr®@op/GRMVISSi0ng
conpressed air, carbon dioxide and nitrogen. The second fluid may be a
liquid. The liquid may be selected fromthe group conprising water, a

| i quid decontam nant and a liquid fire suppressant. 5 The nozzle may be
downstream of the outlets of both the first and second fluid passages,
wherein the directing steps direct the first and second fluids into the
nozzle inlet. 10Alternatively, the second fluid passage may open into the
nozzl e t hr oafThevitret fuid nidnebé iargds. f The dasayayoiee deleetddeitiomrtbengrongp fi rst fluid

passage into the nozzle inlet, whilst the second fluid js directed into the
nozzl e t hr oattOMPrising CoFRRIeSsed @irafar cqiﬁﬂ'dﬁlalﬁﬁdd“s'Irﬁ%”-b Qe Tiﬂ'@d to at

| east sonic AT h i j the first
flurd may be\@é){)ls%tgiwmaﬁﬁggﬁﬂ@!}ﬁﬁ?gg?ﬁ%g grgﬁno%f? #@Epgbnn%@%%g conpr essed
ai r or carbowalénildplid Taeoritaanimayland ahquieir@supprfassant.i ghti ng f oam
solutio and nost preferably may be an aqueous film 20form ng foam
solutionm. The nethod may further conprise the step of passing the first and

second fl ui dTheruRAMABZdSwRstFéSh Of fi@bailetd JNOOT theeirsEAsH SBchapsage
connected to the nozzle outlet, the nozzl e extension passage having a

25cr oss sect ifloithpasgegaswwherein Hig dise@ing steps direch toe fispicansbseraded to t he

nozzle outle A, S enote fromthe nozzle outlet. Alternatively,
t he nmet hod mtgy} dﬁt%tgr%%g%r%pﬁepﬁlséé'the step of passing the first

10 Alternatively, the second fluid passage may open into the nozzle throat,
wherein the first fluid may be directed from the first fluid passage into the
nozzle inlet, whilst the second fluid is directed into the nozzle throat.

The first and second fluids may be accelerated to at least sonic velocity
15 through the nozzle throat.

Alternatively, the first fluid may be a liquid foam solution, and the second

fluid may be compressed air or carbon dioxide. The foam solution may be

a fire-fighting foam solution, and most preferably may be an aqueous film-
20 forming foam solution.

The method may further comprise the step of passing the first and second
fluids from the nozzle outlet through a nozzle extension passage
connected to the nozzle outlet, the nozzle extension passage having a

25 cross sectional area which increases from a first end connected to the

nozzle outlet to a second end remote from the nozzle outlet.

Alternatively, the method may further comprise the step of passing the first
and second fluids from the nozzle outlet through a nozzle extension

30 passage connected to the nozzle outlet, the nozzle extension passage



and second fluids fromthe nozzle outlet through a nozzle extension
30passage connected to the nozzle outlet, the nozzle extension passage 5
havi ng arwexbpenigs@m t hr oat whose cross sectional area i #Crasotingsorhat of
both first and second ends of the extension passage. 5 Preferred

enbodi nents of the present invention wll_.now be described, by way of
exanple only, with reference to the accoﬁ%anying drawi ngs. The draw ngs

show t he foll ow ng: Figure 1 is a longitudinal section
through a first enbodi mrent of an 10apparatus for generating a m st and/or
f oam Figure 2 is a |longitudinal section through a nodified version

of the enbodihemimg arf ektegsioa throat whosefdrgss seltiorml ardavisgessithamathasett i on

t hrough a se% r}g enbo i ment of an ?@%arat us for generating a m st and/or
foam 15Fi guret f'FSéaa I%ﬁ@ﬂ@@&pﬁéﬁf BXEBRICNIRasgACa t hird embodi ment of an
apparatus for generating a m st and/or foam and Figures 5 to 8 are

| ongi tudi nal sections through alternative enbodi nents of nozzl e extension
which may form part of the present invention. 20 A first enbodi nent of an
apparat%s for generating a m st and/or foam generally designated 10, is
shown i figure 1. The apparatus 10 is nade up of four main conponents: a

general |y cylprgfériceprémbedivnetts Bt ﬂ%seﬂt indehfidH dillh&l belddscABed Neert 50, a
nozzle insert 70, and a | ocki n% ring . 25
way of example only, wit reference to the accompanying drawings. The
drawings show the following:
Figure 1 is a longitudinal section through a first embodiment of an
10 apparatus for generating a mist and/or foam;
Figure 2 is a longitudinal section through a modified version of the
embodiment of figure 1;
Figure 3 is a longitudinal section through a second embodiment of
an apparatus for generating a mist and/or foam;
15 Figure 4 is a longitudinal section through a third embodiment of an
apparatus for generating a mist and/or foam; and
Figures 5 to 8 are longitudinal sections through alternative

embodiments of nozzle extension which may form part of the present

invention.

20
A first embodiment of an apparatus for generating a mist and/or foam,
generally designated 10, is shown in figure 1. The apparatus 10 is made
up of four main components: a generally cylindrical body or housing 20, a
fluid distribution insert 50, a nozzle insert 70, and a locking ring 90.

25

The housing 20 has first and second ends 22,24. A neck portion 26
projects axially from the first end 22 of the body 20. At the second end 24
of the body is a chamber 28 which is open at the second end 24 of the
body 20 and adapted to receive the fluid distribution and nozzle inserts

30 50,70, as will be described below. Extending longitudinally through the



The housing 20 has first and second ends 22,24. A neck portion 26 projects
axially fromthe first end 22 of the body 20. At the second end 24 of the
body i s awohames0428 which is open at the second end 24Ppcofi/GBre116e40220 and
adapted to receive the fluid distribution and nozzle inserts 3050, 70, as

wi |l be described bel ow. Extending |ongitudinally through the 6 body 20 is
a first fluid supply conduit 30. The first fluid supply conduit 30 has an
inlet 32 in the neck portion 26, and an outlet 34 which opens into the
chanmber 28. The first fluid supply conduit 30 has a diverging profile,
where the cross sectional area of the conduit 30 increases as it extends

5t hr ough t he blodg\2028 o firetiltid esupplyedoridiitt 30naT lds fitdt du@musupgdly 8dnduit 3@cond

fluid supply, condui is also provided in the pbody 20 and extends

Fadi al 1y bt SegRnatde inané nepk Phdiogolt a5 SvRutSeRoRGIcT ReTSs iRl y

condui t” 36 @ 8RaiBLE 83 & HRMAIR@XLBb orRLi It RS YRR R EMeOUL | et 40
28. The (I;d

whi ch opens into the chanber 28. st and second flu upply conduits

1030, 36 are suisse dme cudsisysestionpairaies wif dre condirie3@imeréases ahis extaridsporti on 26
d/ t i nl et tabl e t f fi flui t

houn) . Sni | Pheh TadbiaV BRI e By | RER g pufeicld oA seshil b

second f1 ui ds(ppky cMRI3E BRfsc BrAMEERInEboal 0Mndedenad rhasign axi al |y

projecting lip portion 42 of reduced outer dianeter in conparison to the

remai nder of theugl aydg wall. ofdbe begyt20a e seesnd fhidd supely CONAUECY® of the lip
ortion 42 i r QVi i - ' Lpsert 50 is a
genelral |y c;/%ﬁ%c?ﬂ'@%?%g&iﬁe%?@ﬁ%stgg;b&?gﬁwq ?H-rsbﬁg%{e%ﬁm% vi ewed : n a

| ongi t udi nal opensiintd.theshaewer 28. fitgufiret dnd bBceiduid 2Uphydsonduite fir st
insert 50 is thickest at its outer%ﬁeriphery with the central portion of

the i nsétt 5EOmE AiegSUPSRIAY PPERNALIEI9NE BRPENET s JAS NAIFK AORYRT 2650 has a
o oove 56, 57 o e BB o T BE o 2 o P By A AT (S EBReREr o
t he i nsert 5Whiledbatsedond flemcihled 38tiseoanectbhle tgraosmese 2656¢dd flsidan O-ri ng
seal 58, 59. (not shown). The second end 24 of the body 20 has an axially projecting
lip portion 42 of reduced outer diameter in comparison to the remainder of
15 the body 20. At least a part of the outer surface of the lip portion 42 is

provided with a thread (not shown).

The first insert 50 is a generally cylindrical insert which is generally |-

shaped when viewed in a longitudinal section, as seen in figure 1. In other
20 words, the first insert 50 is thickest at its outer periphery with the central

portion of the insert 50 having a reduced thickness by comparison. The

insert 50 has a first end face 52 and a second end face 54, each of which

has an annular groove 56,57 extending about the circumference of the

outer periphery of the insert 50. Located in each of the annular grooves
25 56,57 is an O-ring seal 58,59.

Because the insert 50 has an I-shape when viewed in a longitudinal
section, the first and second end faces 52,54 of the insert 50 have
respective first and second concave cavities 53,55 formed therein.

30 Extending longitudinally through the insert 50 and fluidly connecting the



Because the insert 50 has an |-shape when viewed in a |ongitudinal section,
the first and second end faces 52,54 of the insert 50 have respective first
and secomdocorEas@ocavities 53,55 formed therein. 30Ext @qwliGR2011/052402

| ongitudinally through the insert 50 and fluidly connecting the 7 first
and second cavities 53,55 are a plurality7of first fluid passages 60b. The
first passages 60b are circunferentially 'spaced about, and substantially
parallel with a longitudinal axis L shared by the insert 50 and the
assenbl ed apparatus 10. Optionally, the first fluid passages 60b may 5 be
outer first fluid passages and the insert 50 may al so include an inner
first passagdirdi@Gmd sexmhdctavities 3,58 nte e pidiratityeofifinstefiid passagds 60at it is
coaxial with_the longitudinagl axis L. The ipsert 50 al so has an outer

o rount er ent (Th T6at Paxs2065 B0 ki GRUATEGEHANASPAGH PRORORRG. The channel

64 extends a%ﬂH%nﬁ?@uﬁﬁﬁaﬂI%@N% BAURGIRIHS S L%Hﬁré&ﬁﬂﬁ%@@ert@@@r@i ng

radially inwards t g Insert 50 fromthe channe are a plurality
of second fl tihelassgppbledmppsagies 166. Optienallyc thedfinshlgidgpassagesnteb may

substantd al |y perpendicular to the first S es 60 an ongi t udi nal axis
 The Sppl PeRuBElL g Passdess Bny PEINER 37 Tl R THHIRGR I | nsert S0
in the circufffrRhge 69pa6ERDIPHOEshtRebIBRNNSIe 5DIsUSh tRASERA®S 60b. The
supply passages 66 allow fluid communi cati on between the channel 64 and a

third cavity a3l Mibdhedorgitudingl @istke of the insert 50. 20The third cavity
51 is co-axial with the longitudinal axis L. The third cavity 51 is forned
such that it is in fluid comrunication with each of the supply passages 66,

the second cavetifsé® 50nsd has aptouderadirgunmererftial strfacal6? imadscrge 60a when
present. The third cavity 51 has an internal thread as wel| as an internal

di anet f0 whi €hanaell G igdprmedn Theahagnet ot exiongs arpurd thespplisage 60a but
sl er than cialGbnk88r SREARENGRY | ExteRling aBENFTAldistHiduaiihea! member
e the thi y

100 is provi or 1nsertion Into cavrt from™t he second
cavity 55. Thesereb®é&onlde cranpet 64 aradagyletayity of gemomdtfiid beppipvenent of

flurds throu gsjségebsy%\{a*hgfse%gﬁ Sp'as-srggeesngg%(raer substantially perpendicular to
the first passages 60 and longitudinal axis L. The supply passages 66
15 extend radially inwards through the insert 50 in the circumferential spaces
provided between the first passages 60b. The supply passages 66 allow
fluid communication between the channel 64 and a third cavity 51 located

at the centre of the insert 50.

20 The third cavity 51 is co-axial with the longitudinal axis L. The third cavity
51 is formed such that it is in fluid communication with each of the supply
passages 66, the second cavity 55 and the optional inner first fluid
passage 60a when present. The third cavity 51 has an internal thread as
well as an internal diameter which is larger than that of the inner first

25 passage 60a but smaller than that of the second cavity 55.

A generally cylindrical member 100 is provided for insertion into the third
cavity 51 from the second cavity 55. The member 100 is porous whereby
it permits the movement of fluids through it by way of pores. The member

30 100 may be formed from a porous metal or ceramic. Most preferably, the



30100 may be formed froma porous netal or ceramic. Mst preferably, the 8
menber 100 is fornmed fromsintered bronze. The nenber 100 has a first end
101 and aweeowid3@nd 102. The first end 101 is open whi lP€t/GH2e1196e92d end
102 is closed. The second end 102 is also preferably sealed so that fluid
may not pass through the pores in the se $nd end 102. The 5menber 100 has
an internal dianeter which is substantialty constant and an outer dianeter
whi ch reduces fromthe first end 101 in the direction of the second end
102. As a result, the outer surface 103 of the nenber 100 is frustoconi cal

i n shape. The first end 101 of the nenber 100 also has a |lip portion 104
whi ch ext endssnembeﬂ 160 anaymbddron Bitérieossrorpel TOé.mameed 000hes asfinst ace of

the lip porti 04 i s threaded sg  as e th the t aded third
vty sh TGS, TN prsSEORR NIt it B hEra0T 16 Gres WilbhdHod to t he

first insert s@?end’\éhﬁ 1t0|2 Gs RIS T‘@%on%lo&wo‘s?@?keﬁ\sb é@@aﬁlg‘ségleﬁlav' ty 51

the interior er 100 defines an I nner he i nner
chanber 105 mlthairfhuéumay seloeass througih theqraresién u’@cmmbnbllenom Q%.sihges 66 or,

A e G RN R b e

respect i vel y anThRePOARItEYWAlchtrB8uEBIhER thaGiral dnso1 ethid dikektion dfecel ved
in the inner 20chanber 105 to pass radially fromthe interior to the

exterior of thesaeoiseendd02ars a reiltatheouier Suiface 02 0afemensesakia al | y
e e, L EPSERBRTY s BP0 Bhe SRR ARS RS
inner first fipyottigrasoqgeiciOexteadeeixlallgawdyerom the first end 101. The
10 outer surface of the lip portion 104 is threaded so as to engage with the
threaded third cavity 51. Thus, the first end 101 of the member 100 is
attached to the first insert 50.

With the porous member 100 secured in the third cavity 51 the interior of

15 the member 100 defines an inner chamber 105. The inner chamber 105
will receive second fluid from the second fluid passages 66 or, where the
inner first fluid passage 60a is present, first and second fluids from the
inner first fluid passage 60a and second fluid passages 66, respectively.
The porosity of the member 100 allows the fluid(s) received in the inner

20 chamber 105 to pass radially from the interior to the exterior of the
member 100 and into an outer mixing chamber 45 partially defined by the
second cavity 55.

The outer first fluid passages 60b are radially and circumferentially spaced
25 so as to surround the optional inner first fluid passage 60a as well as the
third cavity 51 and porous member 100. Where an inner first fluid
passage is not required, the insert 50 can be formed without the inner first
fluid passage, or else a plug (not shown) may be secured into the inner
first fluid passage 60a to prevent any fluid entering or exiting the inner

30 chamber 105 through the inner first fluid passage 60a.



third cavity 51 and porous nenber 100. Were an inner first fluid passage
is not required, the insert 50 can be fornmed without the inner first fluid
passage, W0 2ei283@9pl ug (not shown) may be secured i nt oPCh&GB220NE0524021 St
fluid passage 60a to prevent any fluid entering or exiting the inner
30chanber 105 through the inner first f|L§d passage 60a. 9 As with the
fluid distribution insert 50, the nozzle Tnsert 70 is generally cylindrical
and is co-axial with the renmai ning conponents of the apparatus 10. The
second insert 70 has a nozzle 72 defined therein, the nozzle 72 5having a
nozzle inlet 74, a throat portion 76 and a nozzle outlet 78. The nozzle 72
is co-axial with the axis L, and the throat portion 76 internedi ate the

nozzle inlet 74 and nozzle oqut] et. 78 S a cross.sectional area which is

lase than thAS Wi B R0 s BRI, 150 BRI B HSTb A3 ROBIRADY ‘75, It can

al so be See”c&m?driée'i‘ﬁnélﬁ‘sdléﬁ-ta'x%\Aﬁﬂﬂ%éh‘@ﬁ%‘%ﬁ@a‘lgohﬁ%@ﬁﬁ%f‘tﬁe%\rlp\%ﬁ?tus
a 2 radual . | r

10secti onal ea through the nozzle 72 is g n ot her s, there
are no step dRangesséconcriosert y@dtasomabzzed adfineld thecdinl, tbeewizalest2ps or

ni ches in the nozzle | 1. Lch uld interfere with the fluid-flow

her et htbugh NahE ha92Ae el 14 HEPetrelof 7echi &hpede et Bedenozzl e as
I's under st 00gozplet #eisadd-axidPwilh ehd8%i8 L€ ahBSRE thro8t patiohi 7T6tdhtbdiseond ends
having a first end face 71 and a second end face 73, respectively. A groove

80 is | ocat edhe Roz#e iRJat é4 anpmogatecowiati’dlhasua £eass sectionel aragavhicly &

211 cunt er enciet epa i B B T ERH AR 76 PSR PR I 1 1 (e

groove 80. Thgsoloe gken itnstehé rddudiian dhd subsegUiet meRie in@rdéHn 75 adj acent
t he second end. The variation between _the outer dianeter of the main

sectionl®f t BECHORRA Ared thraHah thnowzle tirds geariedd “?nlpmf?ét\”é?rdﬁotlh?f%ﬁrem
creates an abut A4 I ; i i j e second end
73 of the in?gﬁf@@%%g@@srﬁecrp }e%gﬁaclé)rﬁaqp%ﬁeeén?’@%e\{vﬁﬂélagtgé?%%égéngt us 10 is a
| ocki ng ri ng nBdhesvihitied nbazle avdli wiichsvaldd irdede@widnthaflgiddlowd si de face 94.
The | ocking rjing, 90 has bor e Si through it which is djivided into

T ot SR ionoh o BegBels T2 RaNBreate Boran sar etV Teabbpeen { he

first side fag8s8Aderstood in the art.

15
The nozzle insert 70 has first and second ends having a first end face 71
and a second end face 73, respectively. A groove 80 is located in the
outer circumferential surface of the insert 70 adjacent the first end. The
groove 80 extends around the entire circumference of the insert 70 and an

20 O-ring seal 82 is located in the groove 80. The nozzle insert 70 has a
reduced diameter portion 75 adjacent the second end. The variation
between the outer diameter of the main section of the insert 70 and that of
the reduced diameter portion 75 creates an abutment face 77, which faces
in the direction of the second end 73 of the insert 70.

25
The final component of the basic apparatus 10 is a locking ring 90, which
has a first side face 92 and a second side face 94. The locking ring 90
has a bore passing through it which is divided into first and second
portions 96,98. The first bore portion 96 opens on the first side face 92

30 whilst the second bore portion 98 opens on the second side face 94. The



30whi | st the second bore portion 98 opens on the second side face 94. The
10 first bore portion 96 has a greater dianeter than the second bore
portion 980 20t78@pi ati on i n di anmeter between the first pamsBeticnseodor e
portions 96,98 creates an abutnment face 97, which faces in the direction of
the first side face 92 of the | ocking r| g 90. At least a part of the

I nternal surface of 5the first bore portion 96 is provided with a thread
(not shown). The second end 94 of the locking ring 90 is provided with one
or nore threaded apertures 99 which receive nmechanical fixtures for
securing additional conponents to the basic apparatus 10, as will be

di scussed f uffitdtdroréeoation 9@Waera g?feamlrtdlamgtdrhlearaﬂms@ctam dre ddmdorpor ous
menber 100|§3 ewed into tf ird caw%?l of the fl Bid di stribution
insert 50 as 9destls WHUMHID a”i*ﬁ riogbueen Irgt AR §E6PRE PPIR BORRBS chanber

28 via the S‘r?goglijcﬁe%@eszén %Bufrﬁ@ntbfg@é{ Q?OWh-'aPlefabgé & fh%l leHcr?lBﬁtcﬁrthé’f‘lrstt he

chanmber 28 a t he external dianmeter he i1 nsert are such t
cl ose, seali Isgie‘ﬁace@s? df&heﬂw@v@rlbgt%)eeﬁct letast 4 parélou‘tfﬁﬂlnwdat&s”fanedqf 20

Wh th ) t d the f t
end face 52 97 I PiR BRTIORHR & PRECBHI G Yreas (paeshandy FIaserttply
condui t 30 | Rnbloy bodk Ié’@mné\ﬂng 9088 Wrbvide A LA %r@fhrbﬁ@ecﬂ' rst fluid

supply conduit 30 is in flurd communication with the first cavity 53 of the
insert 50, al@ertHeessSe vinicH med/ezrmggfp@nI9aldmﬁmr@stf08%eqwngraddlmrwl

o ovi des a aalHRp e toER Rl fihdteidsCfo R ocoaltRatiinBba5d. once

the first insert 50 is in position, the nozzle insert 70 can be inserted

25into the chanber 28 via the second end 24 of the body 20. As with the
10 When assembling the apparatus 10, the porous member™00 is screwed

into the third cavity 51 of the fluid distribution insert 50 as described
above. The insert 50 is then slid into the chamber 28 via the second end
24 of the body 20. The internal diameter of the chamber 28 and the
external diameter of the insert 50 are such that a close, sealing fit is

15 achieved between the insert 50 and the body 20. When the insert 50 is
correctly positioned within the chamber 28, the first end face 52 of the
insert abuts the outlet 34 of the first fluid supply conduit 30 in the body 20.
As a result, the outlet 34 of the first fluid supply conduit 30 is in fluid
communication with the first cavity 53 of the insert 50, and the second fluid

20 supply conduit 36 is in fluid communication with the channel 64 of the
insert 50. The O-ring seal 58 provides a sealing fit between the first insert
50 and the body 20.

Once the first insert 50 is in position, the nozzle insert 70 can be inserted
25 into the chamber 28 via the second end 24 of the body 20. As with the
first insert 50, the internal diameter of the chamber 28 and the external
diameter of the second insert 70 are such that a close, sealing fit is
achieved between the insert 70 and the body 20. When the second insert
70 is correctly positioned within the chamber 28, the first end face 71 of

30 the second insert 70 abuts the second end face 54 of the first insert 50.



first insert 50, the internal dianeter of the chanber 28 and the external
di aneter of the second insert 70 are such that a close, sealing fit is

achi eved wotoea13@be i nsert 70 and the body 20. Wen t hecssmnd/iseert 70
is correctly positioned within the chanber 28, the first end face 71 of

30t he second insert 70 abuts the second igd face 54 of the first insert 50.
11 As a result, an outer m xi ng chanber sharing the longitudinal axis L
is defined by the nozzle inlet 74 of the second insert 70 and the second
cavity 55 of the first insert 50. The porous nmenber 100 and inner chanber
105 defined therein lie at least partially wthin the outer m xi ng 5chanber
45. Fol | ow nd\sas segulft], yn duiter roxihg S0amber 45 shadieg theoldngitddisecaxid Liissert 70
are now all in_flyid communicatign with one another via the previously
described cafefingd bYSHs aqgae el 74 oh s pecond Paed Am a4 e $re0pd
Locomponent s caafy shlor therderfering The perdlehefifictifogsinethe second of
the O-ring seals 59 located 1n the second end tface 54 of the first insert
50 provi des &haswer ri§Sfdefinbdttherem lidet fcastpardiaty witbonthei orger mixing, 70.
Finally, once , the first and second inserts 50,70 are located in their
correctfa5po§P?V%W§4§n the chamber 28 of the body 20, the locking ring 90
can be placed over the second end of the second insert 70. The threaded
portions of the Ilip 42 of the body 20 and the first side face 92 of the

| ocki ng ri ng Fedowingpasseneblyi thie Qﬂﬁé 2(hdirstanserd SPread sasenddeserhgO@Eréig 90 can

e 51 e ook 0BRGNk O GRS B Pl 2, 7727

20 second 'l nser g ring nst one
anot her. Onceesbrisedeavitiek Paspbgssand kenbiuits tefist witbionHdesaserts 50,70 are
firmy held in position, sandwi ched between the body 2Q and the | ocking
ring 900 components, as will be described in further detail below. The second of
the O-ring seals 59 located in the second end face 54 of the first insert 50

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

Finally, once the first and second inserts 50,70 are located in their correct
15 positions in the chamber 28 of the body 20, the locking ring 90 can be
placed over the second end of the second insert 70. The threaded
portions of the lip 42 of the body 20 and the first side face 92 of the locking
ring 90 cooperate with one another so that the locking ring 90 can be
screwed onto the body 20 until the respective abutment faces 77,97 of the
20 second insert 70 and the locking ring 90 come up against one another.
Once this has taken place, the first and second inserts 50,70 are firmly
held in position, sandwiched between the body 20 and the locking ring 90.

The manner in which the apparatus 10 operates when generating a mist
25 will now be described, again with reference to figure 1. In this preferred
embodiment the inner first fluid passage 60a is plugged so that none of
the first fluid may flow into this passage. It will be appreciated that the
inner passage 60a should be open if a degree of pre-mixing of the first and
second fluids is desired, but the method of mist generation described here



The manner in which the apparatus 10 operates when generating a m st 25w ||
now be described, again with reference to figure 1. In this preferred
enbodi nerwothe/i7emer first fluid passage 60a i s pl uggedPswo/GHrat1/ase40e of the
first fluid may flow into this passage. It will be appreciated that the

i nner passage 60a should be open if a dquee of pre-m xing of the first and
second fluids is desired, but the nethod 6f m st generation described here
12 does not require such pre-m xing and so the inner passage 60a is closed
in the nmethod of operation described below Initially, a first fluidis
introduced froma suitable source (e.g. a bottle of 5 conpressed gas) into
Lhe fi rSE)I fl ;dbéssmppéwiimd;mmfh ﬂarmﬁmg gnage taemégmassag?ﬁbaiigsloﬂedcr V\Dﬁl d
e suitable for use as the first ui d, t inthis preferred exanple the
first fluid il%{fteofﬂ?ﬁiif&ds% %ra{'or*rﬁ@sgrm?m tg/eL\B\“’essure of the first fluid may
be in the range 2 to 40 bar, or nore preferably in the range 5 to 20 bar.
The first fluid passes along the first fluid supply conduit 30 in the

10di recti on diitialhe adfirsofiuid i$ mtrodubed fiions & stétableys@ecel é$.gnedottie ohe first

i nsert . Once in the first cavity 5 the .fi uid separates into a
nunber o 1 oRTpuEREEasiitto BT subdy et & mhériaReE YaEeS on
provided in #oRisfwhigh wili€be sotabiE®r Lisé 8k thé Yirst fllicdWuRth fHi prgbrrédie out er
first fluid passa?es 60b enters the outer m xing chanber 45 defi ned between

the second c&pmplgthe first tinidtipgormpressadrier TheSURRY Rrassurexftee firitet 74 of

pacsages. 60b EIpRAA U5A e k240 kel 8 fofs Pl ERE R B Fhot mEoGu: o

m xi ng chambeo sy, THeefirebiiuideRbes@alahd thelflbteftid sapglyicdndbi 30uhefie M Xi ng
chanmber 45. The first fluid enters the outer_ m xing mber 45 under high

: ) . . . chanber
pressur@ but dieetiomof Blearew|lyinfaheiskeadiyt33 dafingthia thgiestingrt 89- t he
first fluid i ' isndr it fd it9 2SAMRR &qﬂﬁvit 30, a
second fl ui dC?ns %Q;}ﬁalnrégtc%gggggd{ rﬁgﬁ%@ﬂglﬁepgtqtéé gggrace a é/ra pretferred
supply presspaths as ttleaterarige oRtardirgil Ui passarps @fp peivideabinytherfirsthe range 5

to 20 bar. The second fluid is. introduced jnto th cond fluid pply
condui ¢ 36 pigTEed Thedhe ThiggoRs RN oot et fU Rasgaden 60 bbond
fluid can be catdidiRebuldr rhixigithathiber 45 EbfifedPhEiichaf e $6RBRY %_a\/ﬁé%t er. As
t he second fluid passes through the second fluird supply conduit 36, it
ent er s the cloatheefirséimsericdl ded thennorrie éXeter4 of thefsedoad insert 70. The

first fluid flows exiting the outer fluid passages 60b expand and come into

contact with one another in the outer mixing chamber 45, thereby creating

a turbulent zone in the outer mixing chamber 45. The first fluid enters the

outer mixing chamber 45 under high pressure but with a relatively low

20 velocity.

At the same time as the first fluid is being introduced into the first fluid
supply conduit 30, a second fluid is being introduced from a suitable
source at a preferred supply pressure in the range 2 to 40 bar, most

25 preferably in the range 5 to 20 bar. The second fluid is introduced into the
second fluid supply conduit 36 provided in the body 20. As with the first
fluid, the second fluid can be a number of fluids but in this preferred
example is water. As the second fluid passes through the second fluid
supply conduit 36, it enters the channel 64 provided in the exterior of the

30 first insert 50. The second fluid can then flow around the entire



30first insert 50. The second fluid can then flow around the entire 13
circunference of the first insert 50 via the channel 64, which |lies between
t he body WO 2arh78dae first insert 50. As it flows aroundPCisRhaMI2I0264, the
second fluid enters the plurality of radial supply passages 66 in the first
insert 50 and flows inwards towards the l,gngitudinal axis L of the
S5apparatus. At the inner ends of the supa?’y passages 66, the second fluid
enters the inner chanmber 105 defined within the porous nmenber 100. The
first and second fluids can be supplied over a | arge range of mass fl ow
rates. The ratio between the nmass flow rates of first and second fluid
10may vary ovecumfereateof dd fishgaeftradviadhd chandelld, whictelienbetneemner

chanber 105, th ecaond fluid wll gin tg seep through the rous menber
100 i nto ¢ he tR.peRy EDANAgheHhnbErern 807 ARt dalp etourd fsrdne BARS: o ze. o
the pores '”s%ESncﬁr%%rérﬁhrsf mQ'BIW%'Iigv‘bftrBQiaﬁr%Uﬁﬁgf éQ@eé 86 fipiHEEfhst as wel | as
operating conditions such as, for éxanple, the pressure difference across

t he porous nimsst 5A@0d Hlewwseswatdsetowands tiehompéudibebaxiad. afibeni xi ng chanber

45, di ctﬁt es the rtat efﬁ whi ch tae §ﬁ]cond fll uid ent eée)s %he m'xciI ﬂﬁ chamber
45. Fur ther mfPE273'Y5 ¢ B""% ROCL ERGR AT FEFYPRIY PBRRATESRE: J3¢ 8637 fHIE nenber
100 creat €s %ﬁtér@ﬂﬁé%r@?@hbr’rﬁﬁ‘ﬂr1@B|d§fi$1e_@fwifHWt@é@r@@sfméﬂn@eﬁ11'90. t_haff t he
second fluid is at least partially atom sed upon entry into the m xing

chanber 45. As the droplets of the second fluid conme into contact with the

first fluid r ' I X 45, LGLJ and
turbulent m Ehﬁgﬂgg?@%%&hdg@%%?ﬁ[@%gg;ﬁpgéggvgébﬁiﬂg%pébg%ﬁﬁg%gm sation of
the second f lfigindratspTied satiolhetwdizhtihb th&sechow eates f diestandt dezohidrfiiid f | ui d
enteri nﬁ)m't he m xi ng chanber 45 further ensures that the droplets created by

this at'®hi safMBInVaY Qe asuelrted 1anag fame 296t Ead-10hr oughout the i xi ng
chanber 45. This is the first stage of the m st generation nechani sm
enpl oyed by the present invention.

Once in the inner chamber 105, the second fluid will begin to seep through

the porous member 100 into the outer mixing chamber 45. The degree of
porosity and/or size of the pores in the material from which the member

15 100 is formed, as well as operating conditions such as, for example, the
pressure difference across the porous member 100 between the inner
chamber 105 and the mixing chamber 45, dictates the rate at which the
second fluid enters the mixing chamber 45. Furthermore, forcing the
second fluid through the pores of the member 100 creates extremely small

20 droplets of the second fluid such that the second fluid is at least partially
atomised upon entry into the mixing chamber 45. As the droplets of the
second fluid come into contact with the first fluid streams in the mixing
chamber 45, frictional forces and turbulent mixing between the two fluids
leads to the further atomisation of the second fluid droplets. The

25 turbulence generated by the first fluid entering the mixing chamber 45
further ensures that the droplets created by this atomisation of the second
fluid are spread throughout the mixing chamber 45. This is the first stage

of the mist generation mechanism employed by the present invention.



14 The remai ning stages of the atom sation nmechani smoccur in the nozzle 72
of the apparatus 10. The second fluid droplets in the m xi ng chanber are
carried byothe/rswmbul ent first fluid into the nozzl e inlPetr/GBo11Tis2409r adua
reduction in cross sectional area between the nozzle inlet 74 and the
5nozzl e throat 76 |l eads to an accel erati g of the first fluid to a very

hi gh, preferably sonic, velocity at the 3 int in the throat 76 wth the
smal | est cross sectional area. This acceleration of the first fluid nmeans
that there is a velocity gradient across the droplets of second fluid in

t he convergent region of the nozzle (ie. the region between the nozzle

inl et and t hdheaemanihtstaiges of, thasatdinesapiontmecharfisreaciudinapeaetozeleosest to

the nozzle throat will be travelling faster than th ortion closest to the
hoezl'o it et T24tad sppprins 1B d netakaaor e dahes n i FibgeaamPer ces and

leads to the%@béﬁ%@%ﬂwe"tﬁrtﬁh@ﬁ‘%&i Médiitotthe n@t‘kﬂgﬁ@iteﬁwpfmfel dudhen the

shear forces excee surface tension forces a er atonisatlion occurs
as the dropl eeduddiohon ordsasertionebéreagodtweendhenognalinlet 7daogitbes. Thi s

shearing action_jis th cond, stage of the m.satj on, nechani s The
Feduced 31 2c "OEEEIAGH JRCATDI o SoPaRUER Y ES A ITAVSAENED: very hi gh,
and pref er ablnyefapsbi¢ soiie! 08lotity af¥helbiit iAURE Yhridas 26 WitthetdifallkaE | e
20out |l et 78 has a greater cross sectional area than the nozzle throat 76.

Consequent | y Crasseseitighalvareacikys areglerationiof the dest joissmeans ipatibeenisas i t

flows fromt . rti let | : Thi retches the
second f 1 ui d%&%ﬁ#l@rag%@t g?%@é%%%g% é&%cﬁﬁéif@ﬁdahghga é‘@ﬁ%‘gm to break
up into a numggibn @ tyehossel(lee theseguribéineeh Heozetesinlething theaiozpig of t he
25droplets is the third stage in the atom sati on nechani sm enpl oyed by the

present’( nveﬁfﬂﬁoé_ﬁz as th¢Pﬁ_%“°_ﬁny QEWB_CHPB'GF glosegtte thpnpyele thFQﬁthi!thnozzl e
" & conti nud SRR ERER e B8 dRrb R ot D ate R T s PR
condi ti ons, thesétawl fldid droplets to shear forces and leads to them stretching or
elongating in the direction of flow. When the shear forces exceed the
surface tension forces a further atomisation occurs as the droplets deform
15 and break up into even smaller droplets. This shearing action is the

second stage of the atomisation mechanism.

The reduced size second fluid droplets leave the nozzle throat 76 at very
high, and preferably sonic, velocity. As previously described, the nozzle
20 outlet 78 has a greater cross sectional area than the nozzle throat 76.
Consequently, the high velocity first fluid undergoes an expansion as it
flows from the throat portion 76 towards the outlet 78. This stretches the
second fluid droplets contained in the first fluid and causes them to break
up into a number of yet smaller second fluid droplets. This tearing of the
25 droplets is the third stage in the atomisation mechanism employed by the

present invention.

Finally, the droplets are sprayed from the nozzle outlet 78 as a mist
comprising a dispersed phase of second fluid droplets in a continuous

30 phase of the first fluid. Depending on the operating conditions, the flow



t hrough the nozzle 72 may be subsonic in the region between the throat
portion 76 and the nozzle outlet 78. Alternatively, the operating

condi ti orsOrzal2/are@m that the flowin this regi on nay bePsugB220e0mise40al ong
some or all of its length, with the supersonic region termnating in a
shock wave either 5between the throat por;ﬁi on 76 and the nozzle outlet 78,

at the nozzle outlet 78, or external to t1 e apparatus 10. In those

operating conditions at which a shock wave occurs, it nmay provide a fourth
dropl et breakup nmechani sm due to the sudden pressure rise across the
shockwave. Further droplet break-up may occur downstream of the nozzle

exi t, due tothioaghitgd ndegee? hagfbet subzsohenioghgeagioatbetveen thetHrbaw as wel |

as due to the interaction with th i ronment outside of the zzl e exit.
e basi o anoarlin LS sbadhe bearainael 75, ABErNe h T4 PRt donANEns
generati on. A [ O iorf hast gmgg; rat us
1510 is showr/r:n %H‘}e{agﬁﬁgyﬁ?&m'ﬁﬁ@m IFr?':az/nbde‘:;d pr?%?italkg/ﬁ% %@ﬁ? ?g%ﬂ

gener ati on. Ofids bangtl, witptheasupersonicgegioa teeminatisg irhatshdek evavieezlth@ibhove wit h

referen to figure 1, and so.each of, the featur escribed wth respect
Lo 11 gure 1 DRAPeST ik BERoTUTE 7B ARl heoer SRt ot e Horaleoltilr og
features wi | l7gnef eRerotas thdaPpa@id 10N 1A tHdsepgdhati®] e6®NE6nsS 8t Whighre 2. 20
Where the nodified apparatus 10 differs fromfigure 1 is that it includes a

nozzl e ext engi YOCkMRAVETPRCUEStibMAYAITOYIge d tpusthgirapleibrgaksyp maehaism menber

with a first nsi 113
ext endi ng |or?§'|gs Béﬁégpﬁ?/éfﬁ?%%&ﬁ&ﬂ %%%ég&sgﬁgle%ﬁo?%&@oﬁqﬂl{tﬂ?%ﬁﬁtst end 111
to the secondremdupRay dbcurfddvaisteath dilthel oz erxitdailienotthe digradegicey
extendi{{lg flange 114 through which are a nupber of axially extending

apertur 11'9_.f Wﬁé'%ﬁ@r&%‘@éﬁjeﬁi@t@ féowasgﬁ@ba%mﬁ to H&e téeresiRpMithng
Ve, o PR ESEH ABeth 40poRag amEarL e 11 X Unes 110 90S e
| ocking ring 90 and the remai nder of the apparatus 10. 16
The basic apparatus described above is intended primarily for mist
generation. A modified version of that first embodiment of the apparatus
15 10 is shown in figure 2, and this is intended primarily for foam generation.
The basic apparatus 10 is the same as that described above with
reference to figure 1, and so each of the features described with respect to
figure 1 shares the same reference number in figure 2. Those shared
features will not be described again in full with reference to figure 2.
20
Where the modified apparatus 10 differs from figure 1 is that it includes a
nozzle extension 110. The extension 110 is a generally cylindrical
member with a first end 111, a second end 112, and an extension
passage 113 extending longitudinally through the extension 110 from the
25 first end 111 to the second end 112. The first end 111 is provided with a
radially extending flange 114 through which are a number of axially
extending apertures 115. The apertures 115 are aligned with the
corresponding apertures 99 in the locking ring 90, and mechanical fixtures
116 are inserted into the apertures 115,99 to secure the extension 110 to
30 the locking ring 90 and the remainder of the apparatus 10.



Wth the extension 110 secured to the renai nder of the apparatus 10, a
first end 117 of the extension passage 113 is connected to the nozzle
outl et 78vOThe/UB@SSs sectional area of the first end 11PCOIGR2hH/(SX40@NSi ON
Spassage 113 is preferably identical to that of the nozzle outlet 78. A
second end 118 of the extension passage % 3 has a cross sectional area

| arger than that of the first end 117 of 'the passage 113. Thus, there is a
gradual divergence in the extension passage 113 fromthe first end 117 to
t he second end 118, but the rate of divergence is relatively small. In a
10preferred enbodi nent, the rate of divergence may be a 0.5mmincrease in
ext ensi on passage di aneter for every 30mmin passage length fromthe first

end 117 to the second end 118 The nethod of operatjon of the aratus 10
n order to JUHBHI BXPERRNG 10 UMD CHES N GTOM S RPPErEN S Dest o 1 gur o
2. Once agal sidhRer bf b dhuieloBasass. 698 aolesketh binoddle the

appar at us has been previous been operating 1n mst-generation node prior
to the addit iootieb8.t hbermesd seationahslicanofthe firstlends 1 t&of thedderon f | ui d

supplies are disconnected fromtheir respectivye first and cond fluid
conaul 13 30, #8554 T piSerare bl O8plied BETE I En PeRe B IEaN o e

appar at us 10 siténd BAdSIAGTANE leittehsioPPadsageNE hash créss Sedtondl hredl he
conpressed air or other suitable fluid will now enter the apparatus via the

SﬁCOP_d fl u; ?Iajgppthanptagéafg%@_fsst el 3&¢ onthe pagsageublsl.y Thes ttheiie is@nnect edblto
second 1 ui o I RVERACH heBhocrdod BhSeddth TS ERRLER P& R T fe S ™™ ©

aqueous fil mii@satard éndrm 8AbliRhe saleudfl diviergence serdlatividly sfiahtn Bg. The
supply pressure of the second, foamformng fluid may be in the range 5 to
20 bar .10rhe $eRfgr@drerapedipensdbe dpteef diveraeneamay be 8 Gampt NCEeRRLINt 30

S0in the dir egidiRrPhaddifyedibitier bPEferd MoriifitpaS8usé Yerh fiBhi figd 10 the
first end 117 to the second end 118.

The method of operation of the apparatus 10 in order to generate foam will

15 now be described with reference to figure 2. Once again, inner first fluid
passage 60a is blocked off. If the apparatus has been previously been
operating in mist-generation mode prior to the addition of the nozzle
extension 110, the first and second fluid supplies are disconnected from
their respective first and second fluid conduits 30,36. The first fluid supply

20 is then re-connected to the apparatus 10 via the second fluid supply
conduit 36. As a result, the compressed air or other suitable fluid will now
enter the apparatus via the second fluid supply passages 66. A second
fluid supply is then connected to the first fluid supply conduit 30. In this
foam-generating mode, a suitable second fluid for the task is a foam

25 solution such as, for example, an aqueous film-forming foam (AFFF)

solution for use in firefighting.

The supply pressure of the second, foam-forming fluid may be in the range
5 to 20 bar. The second fluid passes along the first fluid supply conduit 30

30 in the direction of the arrow T into the first cavity 53 defined in the first



17 insert 50. Once in the first cavity 53, the second fluid separates into
a nunber of flow paths as it enters the outer first fluid passages 60b
provi ded wo 2bt@7844pst i nsert 50. The second fluid fl ow rgTidB20Ugis240Re out er
first fluid passages 60b enters the outer m xing chanber 45 defi ned

5bet ween the second cavity 55 of the fir§9 insert 50 and the nozzle inlet
74 of the second insert 70. At the sane time as the second fluid is being
introduced into the first fluid supply conduit 30, the first fluid is being
introduced froma suitable source 10at a preferred supply pressure in the
range 2 to 40 bar, nost preferably in the range 5 to 20 bar. The first
fluid is intircshrc®0. Omice ih ke fiest gadityf b3ij ttiesgephy flo@hskpdrat®s iptooai ded in the

body 20. As the first fluid passes throu t he second fl ui uppl y conduit
56271 1 et or SUTIRS" L AAMEEES Ba oo T B PR Tk G osapos OB | F 1 | noor

50. The firs bl - 5 i h) e of the
first inserttp‘\[';((g)\;I%’/dl}%jIrjt:ﬁ]eIé irﬁglﬂrslélllt@&ﬁﬁ]?%%of@gdglgw&géﬁﬁ?%@migﬁ% and the
first insert fisgd.flukspassddesvadiaeniersitnesutehairied cbambehdSfdefieedf | ui d enters
the pluralit f radial supply. s.66.in first insert and fl ows
v ds 5 ovebasvedis ebsatrbbratiy BHAHdR et ifhet B skt 0B B Wnner  ence
of the suppl vrpassaansl B8erttApe first fluid 20enters the inner chanmber 105

defined within the porous nmenber 100. In this foam generating enbodi nent
the flowrate of the first fluid into the apparatus nmay be in the range 3

the range o, At sk e sudaf SaRar Mg S e nbRBuBES AT e st olRE 7 o7

fluid into th@p@?ﬂﬁn@hﬂ%@?ﬂ)/e hiet floidtiB®eirgnigeroduted dn atsursbleisoundd | st the
mass flow rate of the second fluid is nost preferably in the range 0.5 to
1.5 kg/M n. atapretgies $yPRiyBressHEs incharreege 249 4G ey, moséeraferadlin 1 uid

Wil begin te\§R&RYe 5 to 20 bar. The first fluid is introduced into the second fluid

supply conduit 36 provided in the body 20. As the first fluid passes
through the second fluid supply conduit 36, it enters the channel 64
provided in the exterior of the first insert 50. The first fluid can then flow

15 around the entire circumference of the first insert 50 via the channel 64,
which lies between the body 20 and the first insert 50. As it flows around
the channel 64, the first fluid enters the plurality of radial supply passages
66 in the first insert 50 and flows inwards towards the longitudinal axis L of
the apparatus. At the inner ends of the supply passages 66, the first fluid

20 enters the inner chamber 105 defined within the porous member 100.

In this foam-generating embodiment the flow rate of the first fluid into the
apparatus may be in the range 3 to 16 litres/min, whilst the mass flow rate
of the second fluid may be in the range 0.5 to 2kg/min. Most preferably,
25 the flow rate of the first fluid into the apparatus may be in the range 3 to 13
litres/min whilst the mass flow rate of the second fluid is most preferably in

the range 0.5 to 1.5 kg/min.

Once in the inner chamber 105, the gaseous first fluid will begin to seep

30 through the porous member 100 into the outer mixing chamber 45. The



30t hrough the porous nenber 100 into the outer m xing chanber 45. The 18
degree of porosity and/or the size of the pores in the material from which
t he nmenbewo202/i7304b0r ned, as wel |l as operating conditi oRsTEBR2011AS240Re
pressure difference across the porous nenber 100 between the inner chanber
105 and the m xi ng chanber 45, dictates g e rate at which the 5first fluid
enters the m xi ng chanber 45. Furthernore,” forcing the first fluid through
t he pores of the nenber 100 creates small bubbles of the first fluid which
enter the m xi ng chanber 45 and the second fluid | ocated therein. 10The
first fluid bubbles are carried by the second fluid fromthe m xi ng chanber
45 into the negrdeoi porekity And/Onthesiadwilthe pdrest indhe inmaterialsfioraadtticlonal ar ea
bet ween the nozzle inlet 74 and the npzzle throat 76 |eads to an

accel erat | on g Mmanebersthig Termed. asrwel agapsarating FRPIRNS sléehsas fluid and
I'ts passing ﬁ%&@dﬁﬁ&eﬁé@éb%s&%??&%& PBAMES S 0D tREEA SHE FyrieR 15t he
ubbles i n the second uld. Co

first fluid nsequently, once the first and
second f I ui d chiartogr 4 Ohandpthesvixingnelrmmgben 4 dictatest theggatehat whicbtthé | ui d

bubbl es begin tq e nd as the fluid fl I s towards.th zzl e outl et
76 The thos et B My vcnds ot oy 25, SEFeamOle somi e Bedtéendas
therei n_ensugrolRiihé Perdd &thefheinBeb b crsatex BARA KM Mearer the
| engt h 200f the passage 113, thereby creati ng)tl arger bubbl es and greater

amount s of f ddifl which enderithe xsW erambeid2ianesthe seeendppdre¢ated10. A second
enbodi ment oghéa}%jnappar atus for generating a mst and/or foam generally
designated 10" IS shown in figure 3. The second enbodi nent 25shares a
nunber of conponents and features with both the basic and nodified versions
of the first _enbodi ment shown in figures 1 and 2, ,Oonseﬂgq?nt,l_y, features

whi ch alC t haediret Tyid ubRlesrATe e b¥ R seeand duifdrorefha BEd nurer al s i n
this second eRBAHETEBINH e HdLIdlet I, daRegiRed) i dabA cRaain here.

sectional area between the nozzle inlet 74 and the nozzle throat 76 leads
to an acceleration of the second fluid. This acceleration of the second
fluid and its passing through the nozzle throat 76 changes the pressure on
15 the first fluid bubbles in the second fluid. Consequently, once the first and
second fluid mixture has passed through the throat 76 the first fluid
bubbles begin to expand as the fluid flow leads towards the nozzle outlet
78. The nozzle extension 110 and the gradually diverging passage 113
therein ensure that the first fluid bubbles expand gradually over the length
20 of the passage 113, thereby creating larger bubbles and greater amounts

of foam as a result once the fluids exit the apparatus 10.

A second embodiment of an apparatus for generating a mist and/or foam,
generally designated 10, is shown in figure 3. The second embodiment

25 shares a number of components and features with both the basic and
modified versions of the first embodiment shown in figures 1 and 2.
Consequently, features which are the same in each embodiment share the
same reference numerals in this second embodiment and will not be
described in detail again here.

30



19 In the second enbodi nent of the apparatus 10', a third insert 120 is
inserted into the conpartnent 28 after the insertion of the first insert
50, but bebane/i7esierti on of the second insert 70. The tRCTGGB20EE5240220 i S
tubul ar and has an outer dianeter which is selected so as to provide a

cl ose, 5sealing fit between the outer suq%ace of the third insert 120 and
the inner surface of the conpartnent 28. Yo assist with the sealing fit,
the end 122 of the third insert 120 adjacent the second insert 70 is
provided with a circunferential groove 124 in which an O-ring seal 126 is
| ocated. Thus, when the third insert 120 is correctly positioned in the
conpart ment 28 thelSecendegribd@imenft df tee Bpparatusl 207, alibits inseet 5&2@isnd end 54 of

the first insert 50, whilst the ot nd 122 of the insert 120_w || abut

agai nst the TSEeChip e GmRATENGRESh AP e TS SHONGE LIRS Phat | ons. may

be nade to thgt Befé%??r%érﬁbrp?fﬂﬂe dohBGRERPTEt ThEThiE ifdur f20 RsEbligk20. For
d nd ment 28 may be

exanpl e, the axial length of the body 20 a conpart
i ncreased so ankdtasan outer di@metes mthictt8, selede0 soas tbeprbvicdataeedosder ei n.

Al ternatd vely, as sho in fiqure 3. the ial. | engt f t l.ocking ring
00 “rmy e | EADIa BHesRdbe YA Letsrhnidts R PR g2l s e iREchos e
insert 70 pr@lrfdeé BYtHd edmpa_MePIPa! Tarasist Svitr2 el delingtrit MRE YendaIp2

addi tional outer section (not shown) may be added between the body 20 and

t he | ocki ng ©Of fitf Burddnsert drAesiacent theapeeqist Bperta10ds papvided withad t o

Second emboa et e droddR 12 M RATRT ERRSRBRET2G Blobdghl R cecond

embodi ment meyhdpethesRidd WMIdho1R0 Ishebrasotly tppsitiopediin thé sdmpartaient 28n node as
required. Qther than inserting the third insert 120, the second enbodi nent

of the Whpar Ngenthi21 of thednaeit dd0 Ayt e sacendiendbhef e first insefthe sane
t henf | i ; :
Sothird s nsect: WESLEETRIE B 122 R hoel 1O ARENE Boingt 1B frsbhd os the
71 of the second insert 70.

Certain modifications may be made to the body 20 in order to incorporate

15 the third insert 120. For example, the axial length of the body 20 and
compartment 28 may be increased so that all three inserts 50,70,120 can
be located therein. Alternatively, as shown in figure 3, the axial length of
the locking ring 90’ may be increased in order to accommodate the
majority of the nozzle insert 70 protruding from the compartment 28.

20 Alternatively, an additional outer section (not shown) may be added
between the body 20 and the locking ring 90 and connected in an
appropriate manner so as to surround the third insert 120. The nozzle
extension 110 is present in the second embodiment as it is shown in foam-
generation mode, but the second embodiment may be used without the

25 extension in mist-generation mode as required.

Other than inserting the third insert 120, the second embodiment of the
apparatus 10’ is assembled and operates in substantially the same
manner as the first embodiment. However, the presence of the tubular

30 third insert 120 between the first and second inserts 50,70 increases the



20 axial length of the m xing chanber 45 downstream of the first insert
50. Changing the axial length of the m xing chanber 45" assists in the
devel opnmew0 20f2/d78@m bubbl es in foam generati on node andPCEGB201iwD5LA03T -
generation node, alters the turbul ence | evel and degree of swirl and

5m xing in the mxing chanber 45" and al?ﬁrs the first stage of the

at om sati on nechani sm enpl oyed during m generation. Figure 4 shows a
third enbodi nrent of an apparatus for generating a m st and/or foam
general |y designated 200. This third enbodi nent of the 10apparatus 200
conprises a first fluid supply passage 202 having an inlet 204 in fluid
conmuni cat i omxisl téngih bf tret mixing dhamppt ¥51 doinstheam of valfist frisestt50.1 ui d

outl et 206. The apparatus 200 al so includes an annul ar. second fluid supply
passage 210 KA IGne aiakiena qtihe MixBOHRmbATAR PRSI IDANS second 11 ui d

supply (not ecrele | t 201ics. 1 N
fluid commni%j?gyia%n W toﬁfé:éﬁg%][lhﬁp fsétsqgﬂ%&gedcég{r% #‘urﬁd%ﬁfdé'?\éﬁe%@%’fﬁ and has

a nozzl e i nl gengetionanade zalters thé tirbaizéce devel andalegree phsweit argkP 4

internedi ate t.he nozzle.i.nlet 222 d nozzle outlet 226. The nozzle throat
224 has h or GYENGAR LN MKNGEbAN e 27 PR0 Phet PRSI $a° 5f e n ¢ he nozz! o
inlet 222 an%téﬁ?séh@n%dtﬁnis?ﬁ@mﬁo%&@@ﬁnq b6t giorg30 is 20l ocated in
the second fluid outlet 214 such that any Tluid flow ng through the second

fluid passage 210 nust flow through the porous nenber 230. The first fluid

our1 ot 314 ot BB CPASTs ¥R SNBAPE ot Bhodife ekl g 11 o
optional | y i pedistdoat, jeastallgriesrimatdd 200. Farstage erdbodifm@vt opten auxiliary

inlet 242 upstream of the nozzle throat 224 and an auxiliary outl|et 244
openi ng 0 nt o aPRaraids 8RE comprises astirgl Buid syrpivhassagel 202 aiag 8adeleb4a0 my be

5 S AT TERESIRHSERIITS (N AP35, TR0 SowrrdhtRc 1 T1oure

fluid outlet 206. The apparatus 200 also includes an annular second fluid
supply passage 210 having an inlet 212 in fluid communication with a
second fluid supply (not shown) and a second fluid outlet 214. A nozzle

15 220 is in fluid communication with the first and second fluid outlets
206,214 and has a nozzle inlet 222, a nozzle outlet 226, and a nozzle
throat 224 intermediate the nozzle inlet 222 and nozzle outlet 226. The
nozzle throat 224 has a cross sectional area which is less than that of both
the nozzle inlet 222 and nozzle outlet 226. A porous ring member 230 is

20 located in the second fluid outlet 214 such that any fluid flowing through
the second fluid passage 210 must flow through the porous member 230.
The first fluid outlet 206 communicates with the nozzle inlet 222, whilst the

second fluid outlet 214 opens into the nozzle throat 224.

25 The nozzle 220 may optionally include at least one auxiliary passage 240,
having an auxiliary inlet 242 upstream of the nozzle throat 224 and an
auxiliary outlet 244 opening into the second fluid passage 210. The
auxiliary passage 240 may be a single, annular passage surrounding the
nozzle 220 or, as shown in figure 4, there may be a plurality of auxiliary

30 passages 240 circumferentially spaced about the nozzle 220 and parallel



30passages 240 circunferentially spaced about the nozzle 220 and parall el
21 thereto. The porous nenber 230 nay be positioned in the second fluid
passage 2X02ei2d18i49upstream or downstream of where the &axidB2ariyosowel et (s)
244 opens into the second passage 210. 5As seen in figure 4, the cross
sectional area of the nozzle 220 gradual?x i ncreases fromthe nozzle throat
224 in the direction of the nozzle outl et 226. The apparatus 200 can be
suppl emented with a nozzle extension of the kind described above so as to
extend the diverging passage of the apparatus. 10 As with the previous
enbodi nents, the third enbodi mrent of the apparatus 200 can be used for m st
gener at i on artreto.f Dagpoene menber 230 mayg begmséionedan tnedecorad fluidst 1 ui d
such as conpressed aif, .carbon dioxide, steamor nitrogen is supplied to
245 i ihe

the first flHPSPRE BRUPEFRA Oh SoW SHEAT P WasTE NS Xfliarst £ | ui d
enters the negabRsP2iu gpend %t@%é@éﬁ&&éé&%@%@.the nozzle throat 224 to a
) > S

hi gh, preferably sonic, velocity at the pol In the throat having the
snmal | est cross sectional area. At the sane tinme, a second fluid such as

wat er, liquid decontam napt or fire.suppressanpt i s _su ied, tq the second
Pt pabsaghSRsT HSLEs Rollle TombSPCUSIR Bres AL Meoaat A2 orr s sage 210
regul at es t hgndrbgyedfrofhBeTRZERANFdAL 224 iRttRe WBCHOT 8f el AB2RE odtket such that
smal | droplets of the second fluid | eave the porous nenber 230 and enter

the nozzle 2286. [Fheparpasatus 20:caruke suRP\EMRRIEE §éisd Neaze @xienien af porti on

of parti ai 1y ' KRRIRRpRd SoBEERA YN itk o RTFRAMCRAMG 0¥t dTRel on into

the nozzle 22@pafsushe second fluid droplets enter the accelerated stream
of first fluid in the nozzle throat 224 they are subjected to high shear
forces %hd turbul ence fromthe first fluid, which further atom ses the

second fluidag with the previous embodiments, the third embodiment of the apparatus

200 can be used for mist generation and/or foam generation. In mist
generation mode, a first fluid such as compressed air, carbon dioxide,
steam or nitrogen is supplied to the first fluid passage 202. From there the

15 pressurised first fluid enters the nozzle 220 and is accelerated through the
nozzle throat 224 to a high, preferably sonic, velocity at the point in the
throat having the smallest cross sectional area. Atthe same time, a
second fluid such as water, a liquid decontaminant or fire suppressant is
supplied to the second fluid passage 210. The porous member 230 in the

20 second fluid passage 210 regulates the flow of the second fluid into the
nozzle throat 224 such that small droplets of the second fluid leave the
porous member 230 and enter the nozzle 220. If present, the auxiliary
passage(s) 240 diverts a portion of the first fluid into the second fluid
passage 210, which has the effect of partially atomising the second fluid

25 prior to its introduction into the nozzle 220.

As the second fluid droplets enter the accelerated stream of first fluid in
the nozzle throat 224 they are subjected to high shear forces and
turbulence from the first fluid, which further atomises the second fluid

30 droplets breaking them into smaller droplets. A dispersed phase of



30dropl ets breaking theminto smaller droplets. A dispersed phase of 22
second fluid droplets in a continuous phase of the first fluid then travels
towar ds twe 2npzwB@9out | et 226. As it does so, the dropl eC3/GBepand2and again
break into still smaller droplets before being sprayed fromthe apparatus
as a mst. 5 For the third enbodinent to 2perate i n foam generati on node
the first fluid supply is disconnected ag reconnected to the second fluid
passage 210, as with the other enbodi ments. A foam solution second fluid is
then supplied to the first fluid passage 202. Bubbles of the first fluid
then exit 10t he porous nenber 230 in the second fluid passage 210 and enter
t he second f Isecdnéfluidhdroplets Inea tontraioudZghasthef thabidtdlkic #emntavads t he fir st

(not “shown)  DVARRAREIREFE GiIch 22he AsahoRmARoNeOREc: PO Ave wi th
respect to t?gaﬁ%r‘e'aﬁ][int%@m@rﬁ‘@@r%mﬁ@% Befbrd bé‘iﬂge paRRrbiUhds then exit

15t he apparatls as a foam By using a porous ne , the apparatus of the
present i nverpparatgaasianmisiduce one fluid to another fluid at |ow fl ow
rates and/or with a desired droplet or bubble size which would ot herw se
require*the accurate and 20 skilled nmachining of passageways of very small

di ameter. Thyy thdthirf &RBBHINENH 86 bhaMAtE MRYRE geherdlpshbaé ithe/ fidh flufgaccur at e
machi ni ng or nmanufacture affecting the performance of the apparatus. The

present i nvestpply ialdissopnectedeandarespngeeied jp dheseeorwhilwd nessagsgddher ate a

Two. appar at ueoal! heaieER BoaPRLB=PeIEI 0o Beblnd s8R 8 Mt o oprot s

whi ch are as sapplied &sthedssi flie pabsige 0P 0 BubBRIGahe difstifluid thetesiit abl e to
produce bubbl es which are as |arge as possible. The |levels of shear and
tur bul eifte gdrRPaiQMS fﬁﬁ@}?eéﬁéﬁi'@%?ms%lfﬁ%}ﬂ fiid pagsage 210 and enter the

second fluid at the nozzle throat 224. The bubbles expand as the first and

second fluids travel towards the nozzle outlet 226 and nozzle extension

(not shown) attached thereto in the same manner as described above with

respect to the earlier embodiments. The first and second fluids then exit
15 the apparatus as a foam.

By using a porous member, the apparatus of the present invention can
introduce one fluid to another fluid at low flow rates and/or with a desired
droplet or bubble size which would otherwise require the accurate and
20 skilled machining of passageways of very small diameter. Thus, the
present invention removes the possibility of inaccurate machining or

manufacture affecting the performance of the apparatus.

The present invention also provides a single apparatus which can

25 generate a mist of droplets in one mode, and generate a foam in a second
mode. Usually two apparatus are required, as mist generation seeks to
produce droplets which are as small as possible, but in foam generation it
is desirable to produce bubbles which are as large as possible. The levels
of shear and turbulence generated when atomising droplets in mist-

30 generation mode are not conducive to the creation of large bubbles if the



30generati on node are not conducive to the creation of |arge bubbles if the
23 sanme apparatus is used for foam generation as well. However a sinple
swi t ch ofwoOheilx¢Es@ous fluid supply fromthe first suppl yCt@BROil0s24m2t he
second supply conduit allow the apparatus of the present invention to al so
generate foam and m sts, thanks to the gégbling of the gaseous first fluid
5t hrough the porous nenber into the foa ol ution. The expansion of the
bubbles in the foamsolution is slowed due to the addition of the nozzle
extension, so that the bubbles are as |arge as possible when they | eave the
apparatus. 10Aside froma separate supply of foam solution, the nozzle

ext ensi on i s shhe apparatddstuseddor imam geeeratior Gstwelt. oHowevet asirapigar at us

into foam genera u of alternative enbodi ments of nozzle
oxt onsi on or SWEAR o sHS BTG SEBPR TGN §5e 1% SURBTEROLATG UG t or nat i ve
extensi on 31Qchg, &sé‘;?pl?’@oﬁaﬁlt%ﬂ \F&%ﬁé%%ga?*a]ﬁsbﬂ% ﬁre%@ﬁ%beﬁﬁé] &%8 Cross

sectional 1l5area IS at of both the first and second ends
311, 312 of t lgenesateicdrmransanisigdhanks td:hhgtbubbﬂingmm gassausnitstfluidr nat i ve

ext ensi 410 in i ch an extensio ssage 4 wal | s which aper or

i ver ge Smotheyaling Rethsiiertes MaPE iz sotdiph T tans kT 8t b%Eect f onal
area of the papprEan4Ha fCHMBBRItY it BRIWRIPESe td‘tHe'%diﬁMﬁ‘éfﬂ\%&mz@lé ection

al ong 20t he passage 413. Figure 7 shows a third alternative extension 510

i n whi ch t he egtensie setBahthe wdibles are ahlaige @sPossibia whenyheyite@¥g out war d
taper or di V?ﬁ?S@ﬁ& #l? rapidly increase the cross sectional area of the
downst ream sec 'Y he passage 513. In the third alternative enbodi nent
the rate of divergence or increase in cross sectional area 25gradually

slows in the downstreamdirection until the passage 513 reaches its |argest
cross skkti onsidesfren a pepriiats surply & faam selionathe/kozzlg exiensiPneEde s shown

in figure 8 oy SoRBod IR ook el ThAlen d Bbadlud ARy fobi doAblaphat i ve in

that the rate I Ncrea Cross se ional a@rea 1 n the pasSsage 13 begi ns
conpar at i vel ynddeghAbumisdret a@eermjwlelqmlsdmhmn}ts obnozzle 8ktemsiqmeareage reachi ng
'ts largest Chggv% iﬁ |élﬂr8g toaé’ eIE-"lgu otwhsea %Pslflrahgrnative extension 310
have an extension passage 313 with a throat 315 whose cross sectional
15 area is less than that of both the first and second ends 311,312 of the
extension passage 313. Figure 6 shows a second alternative extension
410 in which an extension passage 413 has walls which taper or diverge
smoothly in the downstream direction, such that the cross sectional area
of the passage 413 gradually increases in the downstream direction along
20 the passage 413. Figure 7 shows a third alternative extension 510 in
which the passage 513 has walls which have a relatively sudden outward
taper or divergence to rapidly increase the cross sectional area of the
downstream section of the passage 513. In the third alternative
embodiment the rate of divergence or increase in cross sectional area
25 gradually slows in the downstream direction until the passage 513 reaches
its largest cross sectional area. Finally, a fourth alternative extension 610
is shown in figure 8. This embodiment is similar to that of the third
alternative in that the rate of increase of cross sectional area in the
passage 613 begins comparatively high but then gradually slows prior to

30 the passage reaching its largest cross sectional area. Where the fourth



24 enbodi nent differs is that the cross sectional area of the passage 613
adj acent the first end 611 abruptly increases and decreases to forma
chanber o6wb 20f2/0g8@at er cross sectional area than a firstPCemaB26Wl050f02t he
passage 615. Downstream of the chanber 615 is a diverging portion of 5the
passage 613 simlar to that shown in the third alternative enbodi nent. The
apparatus nay al so conprise a set of nozg e extensions, which may have
different | engths and/or internal geonetries of the kind described in the
enbodi nents of extension described herein. Alternatively, differently
10shaped nozzl e extensions could be attached to one another in series to
further extewrthddtimentdiifetd is thatvegirogs pestiorege arééhef etpEssage gddssage nmay

have a ratio D;L, e diameter of the first end of t he extension
P veage and EIaSenhig fraband B GERUGH DRt 868 SRS SEH A DA am 1 he

group conpri %hﬁﬁwb%r%ﬂSJofg;’reé{eil@ros% S%Qtlﬁllral?é}eia% 518 erfd 89PBBING he nozzle

extension is preferab ecured by nechani cal fixtures as descri bed above,
ot her net hodpassage Béﬁhmwnﬂne@nenf/ﬂ‘@@wnbm |sea<dwprgang phdicsxefensi on

coul d be screwed onto e nozz. erating fhreaded
por't1 on.  Adds Panerds, b1 RENEaefe At agOr ngas TET NgnaBe B ARk nt 1y
attached, but may be quickly attached and renoved using a quick rel ease
mechani sm 25Wil st the ability of the apParat us to switch between m st-

€

and foam gerl®caAanRATaius raawama@m@rsse 8 Iset apporze aste@siqnﬁewbic@s@av
i nvention do e, & f r words,
t he appar at ugﬁgﬁg’ﬂﬁf‘%@ﬁg@hgﬂg ?redr@ o ﬂa @%orﬂ%fpr{égydé‘gﬁ%k%gis Qﬁ C{P 'bgé%r ation
appar at us onliye eﬁmo@&nént%Qﬁ@xWr&ﬁewlb’adﬂ%r@wSAI@é‘rhEtlver, differently
10 shaped nozzle extensions could be attached to one another in series to
further extend the gradually diverging passage.

The extension passage may have a ratio D:L, where D is the diameter of
the first end of the extension passage and L is the linear length of the

15 passage, selected from the group comprising 1:3, 1:4, 1:16, 1:20, 1:30,
and 1:40.

Although the nozzle extension is preferably secured by mechanical
fixtures as described above, other methods of attachment are envisaged.
20 For example, the extension could be screwed onto the end of the nozzle
by way of cooperating threaded portions. Additionally, the extending
flange 114 may not be permanently attached, but may be quickly attached

and removed using a quick release mechanism.

25 Whilst the ability of the apparatus to switch between mist- and foam-
generation is advantageous, the apparatus of the present invention does
not need to be employed for both functions. In other words, the apparatus
and its porous member may be employed as a mist generation apparatus
only, or as a foam generation apparatus only.

30



25 A nunber of porous nmenbers, each having a different porosity, may be
provided with the apparatus so that the flow rate and/ or droplet or bubble
si ze of fwoi2dida7e0¥wt he i nner chanber to the m xi ng chanper/Graniis240ari ed as
desired. As stated, the porous nmenber(s) may be fornmed froma 5porous netal
(e.g. sintered bronze or brass) or a porggs ceramic. In m st generating
node, the first fluid my be conpressed carbon di oxi de or nitrogen,
and the second fluid nay be water, a liquid decontam nant or fire
suppressant. In foam generating node, the first fluid 10nay be a foam
solution, and the second fluid may be conpressed air or carbon dioxide. The
f oam sol uti o mwbbeohpo&rbuemérgbe'rm@abba]ramngl wdﬁ@nentmbsuq& rmy hgueous

filmformng foa for exanpl e ernativ e may be a
Cont T no for AR GivparatyS SarPatlbe o (s angiordreacP B MRIPous os. 15
These and ot kels (ﬂf‘?ﬁ}c‘j\‘rBﬁwt!h‘éﬂﬁné‘ﬁ&érﬁﬁé%ﬁﬂ’é’?ﬁ&w@ﬁ%éﬁ%é%tB’é’Oﬁﬁ@ﬂj wi t hout

departing fromthe scope of the present invention. 26 CLAI NS
appar at us f oasgiasgedt |A&Jstatefd $h‘1e aadjlisrmeq@er(st) mayetpﬁpm’rme&dsfrwnrq)n Si ng 5at

| east o first flui upp a n ninlet in fluid comunication
wth a st PR NelRTF S stulBaRgeE B brpedfr pictous Berane! SO0 ne
second fluid supply passage haV|ng an inlet in fluid conmunication with a
second fluid supply and a second fluid outlet; and a nozzle in fluid
comuni cat i oW Wistrganesating Sroden thestrsbfididimay Be compressed air, carbon

dioxide or nitrogen, and the second fluid may be water, a liquid
decontaminant or fire suppressant. In foam generating mode, the first fluid
10 may be a foam solution, and the second fluid may be compressed air or
carbon dioxide. The foam solution may be a fire-fighting foam solution,
such as an aqueous film-forming foam solution, for example. Alternatively,
the foam may be a coating for decontamination or a surface coating for
cleansing purposes.
15
These and other modifications and improvements may be incorporated

without departing from the scope of the present invention.



10 outlets, the nozzle having a nozzle inlet, a nozzle outlet, and a nozzle
throat internediate the nozzle inlet and nozzle outlet, the nozzle throat
havi ng a woase/ew®Pi onal area which is | ess than that ofPChaBrtiNs249022] €
inlet and nozzle outlet; and wherein the second fluid outl et

i ncl udes a porous nenber 15t hrough mhicg the second fluid nust flow 2.
The apparatus of claiml, wherein the n Qzle is dowmnstreamof the first and
second fluid outlets, wherein the first and second fluid outlets are in
fluid conmmunication with the nozzle inlet. 20 3. The apparatus of claim 2,
further conprising a m xing chanber internediate the first and second fluid
outlets and tGleAlMS:zl e inlet, and wherein the porous nenber is holl ow and
surrounds the second fluid outlet so as to define an inner chanber at |east
partially |l ocated within the 25m xi ng chanber. 4. The apparatus of any
preceding clgim f L&} i rali i | upply
passages hav?hg r&%ﬁ(}ﬁ'r\?g}%ﬁelﬁ g?h?@&ﬁg@Oﬁ{sﬁgng’yorﬁgg%f Fﬁ?%%i@hfcut lets
bei ng ci r cunfcomgmising:l y spaced about the second fluid outlet. 27 5.The
appar at of claim er el he first fluid outlet is in_fluid

conmuni Ot {on w ¢ A {4ast AGe e fulf shbbfinasstos RVt T Mtdout | et opens
into the nozgbgmrhiiieation with Hrsepparstpdfy Md atystinesediag claim further
conprising at |east one nozzle extension having an extension passage wth a
first end connect @bleast onetsecand AL SipdiepassagehdedAd ivietinfidt e fromt he

nozzle outle ein the fi . t ' : a Cross
sectional ar écg%@@?éﬁqr? g’ﬁpf %%%nggﬂﬁgégbﬁﬁﬁ%ofgéﬁéwngégi%g'%gh%%c?t , and
wherein the 10crogsneetd inoad careeutitatidrewsi ties sirstangaseape fluRLr eases
between the first and second ends thereof.
10 outlets, the nozzle having a nozzle inlet, a nozzle outlet, and a nozzle
throat intermediate the nozzle inlet and nozzle outlet, the nozzle throat
having a cross sectional area which is less than that of both the nozzle
inlet and nozzle outlet;
and wherein the second fluid outlet includes a porous member

15 through which the second fluid must flow.

2. The apparatus of claim 1, wherein the nozzle is downstream of the
first and second fluid outlets, wherein the first and second fluid outlets are

in fluid communication with the nozzle inlet.

20
3. The apparatus of claim 2, further comprising a mixing chamber
intermediate the first and second fluid outlets and the nozzle inlet, and
wherein the porous member is hollow and surrounds the second fluid
outlet so as to define an inner chamber at least partially located within the
25 mixing chamber.

4. The apparatus of any preceding claim, further comprising a plurality

of first fluid supply passages having respective first fluid outlets, the first

fluid outlets being circumferentially spaced about the second fluid outlet.
30



7. The apparatus of claim®6, wherein the increase in the cross sectional
area of the extension passage is linear. 15 8. A nethod of generating a
m st and/wo 2ha13040he net hod conprising the steps of: swpplGB20g/(se@gsuri sed
first and second fluids into respective first and second fluid passages of
a m st/ foam generating apparatus, the ﬁgzecond fluid passage including a
second fluid outlet having a porous ne r therein; directing the
first fluid fromthe first fluid passage into a nozzle having a nozzle
inlet, a nozzle outlet, and a nozzle throat whose cross sectional area is
| ess than that of both the nozzle inlet and nozzle outlet; 25directing the
second fl ui d 5 r omThleeargecatod dflclginh namsergm thier fregfhuid loeitipbisdnsluidember  and
into the nozzle to m

. the first accel e n he first and
botond 11 b GeommaubriaT R ehe Pere kbt Whikh B seaae U Bul O anesng cacond
fluids from thg tRO@aBLSeaHidL - 28 9. The nethod of claim8, wherein the
nozzl e i s downstream 01? the outlets of both the first and second fluid
passages, and wherein the directing steps direct the first and second
fluids i he n Ielnlet 510. The met hpd o ffr%thercalm?or claim9,
wher ei n acon ratus of any precedlng claim, further comprising at least

one nozzle extenS|on having an extension passage with a first end
connectable to the nozzle outlet and a second end remote from the nozzle
outlet, wherein the first end of the extension passage has a cross sectional
area substantially the same as that of the nozzle outlet, and wherein the
10 cross sectional area of the extension passage increases between the first

and second ends thereof.

7. The apparatus of claim 6, wherein the increase in the cross
sectional area of the extension passage is linear.
15
8. A method of generating a mist and/or foam, the method comprising
the steps of:
supplying pressurised first and second fluids into respective first
and second fluid passages of a mist/foam generating apparatus, the
20 second fluid passage including a second fluid outlet having a porous
member therein;
directing the first fluid from the first fluid passage into a nozzle
having a nozzle inlet, a nozzle outlet, and a nozzle throat whose cross
sectional area is less than that of both the nozzle inlet and nozzle outlet;
25 directing the second fluid from the second fluid passage through the
porous member and into the nozzle to mix with the first fluid;
accelerating the first and second fluids through the nozzle throat;
and spraying the first and second fluids from the nozzle outlet.



passage opens into the nozzle throat, wherein the first fluid may be
directed fromthe first fluid passage into the nozzle inlet whilst the
second flwpDaoi2g7s4pected into the nozzle throat. 1011. TheTrmam2hudsefozany of
clainms 8 to 10, wherein the first and second fluids are accelerated to at
| east sonic velocity through the nozzle %hroat. 12. The net hod of any
of clains 8 to 11, wherein the first fla dis a gas selected fromthe group
conpri sing conpressed air, carbon dioxide and 15nitrogen. 13. The net hod
of any of clainms 8 to 12, wherein the second fluid is a liquid selected
fromthe group conprising water, a liquid decontamnant and a liquid fire
suppressant. 20 The ribthoaedfiateinod, wngreof thd mozne & dawristreamhef éien t he fir st
fluid is a |IQH idf an1%ol tion, and e. second fluid is conpressed air or
efs of both The,

carbon di oxi @& rs'rtréf‘ﬁé@ce'f‘ High pRSpageqnn@vher¢ig @ am sol uti on
is an aqueou%lr%éflrﬁd n_g%rd’fﬂe'&gtrfé)ﬁ%’t 8R4 %b?@rﬁh fluibS- mty'tﬁe'ﬁ%tzEl%qn%ft claim14 or

claim 15, further rising the step of passing the first and second
fluids fromthe nozzI e outlet through a nozzl e extensi on passage connected

to the zzI outI e zl e extensio having a ¢r.gss
secti on wniTB mRERSENEr e pr Qe hags ik sbtet 8l he nozzi e
outlet to a ?)%@@é’@e 8péns At ﬁb%&ﬂﬂ@aﬂ%ﬁ’ér@wpﬂ%'fﬁét flukd midepget hod of
claim14 or claim 15, further conprlsmgthe step of

directed from the first fluid passage into the nozzle inlet whilst the second

fluid is directed into the nozzle throat.

10 11.  The method of any of claims 8 to 10, wherein the first and second
fluids are accelerated to at least sonic velocity through the nozzle throat.

12.  The method of any of claims 8 to 11, wherein the first fluid is a gas
selected from the group comprising compressed air, carbon dioxide and
15 nitrogen.

13.  The method of any of claims 8 to 12, wherein the second fluid is a
liquid selected from the group comprising water, a liquid decontaminant
and a liquid fire suppressant.

20
14.  The method of any of claims 8 to 11, wherein the first fluid is a liquid
foam solution, and the second fluid is compressed air or carbon dioxide.
15.  The method of claim 14, wherein the foam solution is an aqueous
25 film-forming foam solution.

16.  The method of claim 14 or claim 15, further comprising the step of
passing the first and second fluids from the nozzle outlet through a nozzle
extension passage connected to the nozzle outlet, the nozzle extension

30 passage having a cross sectional area which increases from a first end



5passing the first and second fluids fromthe nozzle outlet through a
nozzl e extensi on passage connected to the nozzle outlet, the nozzle

ext ensi orwpaseagsodhavi ng an extensi on throat whose cros®CITER2OMAER40Ar €ea | S
| ess than that of both first and second ends of the extension passage.

29

connected to the nozzle outlet to a second end remote from the nozzle

outlet.

17.  The method of claim 14 or claim 15, further comprising the step of

5 passing the first and second fluids from the nozzle outlet through a nozzle
extension passage connected to the nozzle outlet, the nozzle extension
passage having an extension throat whose cross sectional area is less
than that of both first and second ends of the extension passage.



