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This invention relates to atom sing nozzles used for hand held sprayers
such as 5 so-called aerosols and punp type atom sers, intended for the
application of liquid phar maceuti cal products. Aer osol type
sprayers are uS¥@%VH7®ughout the world for dispensing a wi de PeEgPososiss of
products, for exanple, hair lacquer, furniture polish, cleaners, paint,
insect 10 killers and nedi canents. Until recently, chlorofluorocarbons

(CFC s) were the nost comon of the propellant gases used in aerosols
because they are inert, m scible with{ w de range of products, are
easily liquefied under | ow pressures, give a substantially constant
product flowrate, and can produce sprays of droplets havi ng nmean

di aneters in the range of 3 to over 100 mcroneters. However, in 15 the
1970s it was confirnmed that CFC s Wonsi bl e for depleting
the Earth's protective ozone |ayer, ; t countries signed the
Montreal Protocol to phase out the use of CFC s and have since agreed to
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but the Earth's protective ozone layer, and in 1987, most countries signed the
Montreal Protocol to phase out the use of CFC's and have since agreed to stop
use of CFC's for non-essential applications by the end of 1985. One notable
exemption to this deadline for cessation of use is in relation to metered dose
20 inhalers (MDI's) for medicaments, which are regarded as an essential use of
CFC's, but even this use of CFC's will eventually be phased out.

Gases such as air and nitrogen have the advantages of causing no environmental
damage, being non-flammable and causing no ill effects if inhaled. Such gases

25 can be used to propel liquid from a canister, but with a simple orifice or a swirl
orifice very high pressures are required to produce a fine spray suitable for an
MDL.

Other types of aerosol generators for delivery of liquid pharmaceutical products

30 exist for research and hospital applications, such as nebulisers. However, these
generally contain baffles to remove larger droplets and use high air flowrates so
making them unsuitable for use in portable, convenient atomisers.

It is also possible to force liquid at high pressure through a very small hole (5-10
35 micrometers diameter) to produce droplets of about 5 micrometers diameter, but
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:met hods are unsuitable or unecononmic for |arge scale manufacture, mainly
;because of the difficulty in nmaking very snmall holes in a suitable
‘material, and prevent bl ockage of the hole, the ne

exceptlonal c?ggﬁ?fﬁ%ss in the manuf acture of the partsgcﬂﬁﬁ@@ﬂé? wth
ultrafiltration of the fluid to be sprayed. 5 Many of the drugs used
in the treatnment of respiratory disorders are insoluble in vehi cl es
such as water and are di spensed as suspquions. The drug particles are
produced in a respirable size of 1-5 mcroneters. Particles of this size
tend to bl ock the very snall holes (5-10 microneters) used by known
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particle sizgdfplalbed Hir BfothisdrisuthZEsd Gir Brudfis€ 'anbCtbrfimercial paint sprayers
20 consume large quantities of air, and to obtain droplets of 5 micrometers with water
for example, a gas to liquid mass ratio of over 36:1 is required which is impractical

for convenient, portable sprayers.

Spray nozzies in which a liquid is atomised by impingement of multiple jets of fiuid
25 on each other, e.g. air and liquid jets, are known. US Patent No. 5385304
describes an air assisted atomising spray nozzle in which a jet of liquid is
atomised within a mixing chamber by the shearing action of several jets of air
directed in substantially perpendicular relation to the liquid jet. The nozzie may
be used to deliver liquid in a finely .atomised state and suitable applications
30 include use for the delivery of agricultural chemicals and pesticides, humidifying
systems and scrubbing systems for coal furmaces. The nozzle described is
believed to provide a high air efficiency by the use of an opposing cross-flow of air
and the air/liquid mass ratio of the embodiment described is from 0.13 to 0.27.
Although the spray particle size is not defined, the nozzle is described as
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producing a fine liquid droplet spray, and the applications discussed
suggest that it mght produce droplet sizes down to a m ni mum of 50

m croneters in dianeter. For MD's used for treating certain
respiratory di SUPI#Y8t s essential that the 5 aerodynani c REIVEPSODEISSi ze
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tracheobronchi al and al veol ar regions of the lung. For a spray conposed of
droplets with a range of sizes, nore than 53 by weight of the droplets
shoul d have an aerodynam c dianmeter less than 6.4 mcroneters,
preferably nore than 20% by 10 weight of the particles have an aerodynanlc
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Current thinking suggests that to create smalier spray dropfets from impinging fluid
nozzles it is necessary to increase the gas/liquid mass ratio (GLR) resulting in an

20 associated increase in gas reservoir size required to deliver the necessary mass
of propeliant. However, for the application of such technology to portable hand
held inhalation devices, it is desirable for the GLR to be small to limit the size of
reservoir required. The alternative of using hand or finger driven, or primed pumps
to meter and produce the liquid and gas flows also requires that the volume and

25 pressure of gas required are minimised to allow a small pump size and to minimise
the effort required by the patient.

The present invention aims to provide a design of atomising nozzie assembly
suitable for use in a hand held inhalation device and which is capable of being

30 used to produce a spray of droplets of a size suitable for inhalation, without the
use of conventional liquefied gas propellants.

According to the present invention there is provided an atomising nozzle assembly
- for generating a respirable spray of droplets of a size suitable for medical
35 inhalation therapy from a liquid medicament, the nozzle assembly comprising a
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as
nozzl e for prggﬂ%Y“aba jet of gas and a liquid nozzle for eJ Ef#ﬂﬂ”?ﬁ% °
li.quid to be atom sed into the jet of gas at a position downstream of
t he gas nozzl e, wherein the gas nozzle and the |liquid nozzle are
configured such that the jet of gas i,npinges on the liquid at an acute
angle to atomse the liquid. 5 The present invention further provides
an atom sing nozzle assenbly conpri sing at | east one nozzle for

ejecting the Liqu
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and gas nozz| therapy thegea o ljawd masg flowgategatio b S'“&S FF%"E’WQY& ngenment
angl e of between 30 and 90[err]. Preferably the liquid and gas nozzles are

configured to B%l' Uss & & gHb Snki TRLIGTENY cottiglfatith Wirdiie & dt'dhs ibiiges on30
- the- liquid at an acute angle it is possible to create a respirable spray with a GLR
15 less than 0.5.

Preferably the gas to liquid mass ratio is 0.2 or less.

Suitably, the gas nozzle is at least partially obscured by the liquid nozzle such that
20 the liquid is delivered from the liquid nozzle directly into the jet of gas.

Preferably the liquid nozzle is bevelled.

Suitably, the liquid and gas nozzles have an outlet diameter between 50
25 micrometers and 200 micrometers.

The liquid and gas nozzles are suitably configured to give a fluid impingement
‘angle of between 30° and 90°. Preferably the liquid and gas nozzles are
configured to give a fluid impingement angle of between 40° and 60°.

30
Suitably, the liquid nozzle outlet is positioned up to 10 gas nozzle outiet diameters
downstream of the gas nozzle outlet. Preferably the liquid nozzle outlet is
positioned between 1 and 4 gas nozzle outlet diameters downstream of the gas
nozzle outlet.

35



Suitably, the liquid nozzle outlet is positioned up to 10 gas nozzle outlet
di aneteks downstreamof t,h,g_gas_n,g_z_ﬂ e outlat  Proforabl y the | iJ]Illi d
nozzle outlet is posi tioned between 1 and 4 gas nozzle outl et

di anet ers downstream of the gas nozzl e outlet. 35 WO
97/ 11783 PCT/ EP96/ 04153
5 In a MO7H&M3aspect of the present invention there iRCIEPSsoaES a
met hod for generating a respirable spray of droplets of a size
suitabl e for nedical inhalation therapy froma |iquid nedi canent by

I ntroducing the said liquid into a jet of gas, wherein the jet of gas
i npi nges on the liquid at an acute angle t®& the direction of 5 flow of
the i quid. The present invention also provides a nmethod for creating
a respirable spray of droplets of a size suitable for medical
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15 In a pref ewheseire Stmnmsaprésh%hmguaz@@ aaute jsagle touthe tumttgagf
supply snmgﬁﬂ@rﬁﬁosen to maxi m se the inhal able proportion of the
spray whil st mnimsing the anount of gaseous propellant required.

This requires that the liquid ej ection nozzle has a shape and position

that di sturbs Tive psesent éaventiop alsp provides asmsteed foragreating B respiraiple Spray of
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gas jet 10 vupon bydhe sgid iet abgas.dhe gasits liouist mass Howsate sptio beingsiess than

droplets and tgs, di spersion of droplets across the gas jet. 25 The
i nvention will now be described with reference to the acconpanyi ng
dr awi ngs, i n which:

Preferably the gas to liquid:-mass flowrate ratio is 0.2 or less.

15 In a preferred embodiment the shapes and sizes of the liquid and gas supply
nozzies are chosen to maximise the inhalable proportion of the spray whilst
minimising the amount of gaseous propellant required. This requires that the liquid
gjection nozzle has a shape and position that disturbs the gas jet in such a
manner that the break-up of the liquid occurs throughout the cross section of the

20 gas flow and, in particular, in regions of high gas velocity, and that turbulence,
vortex formation and shock wave production created by interaction of the gas jet
with the liquid nozzle act to improve break-up into small droplets and the
dispersion of droplets across the gas jet.

25 The invention will now be described with reference {o the accompanying drawings,
in which;

Figures 1a, 1b, 1c and 1d are section, end-and schematic views showing a liquid
and gas nozzle configuration according to the invention;

30
Figures 2a, 2b, 2¢ and 2d are graphs showing the percentage by mass of drops
less than 6.4 micrometers in diameter created with varying parameters relating to
the liquid and gas nozzles as shown in figures 1a, 1b and 1¢;



Figures 1la, 1b, 1c and 1d are section, end and schematic views show ng a

liquid and gas nozzle configuration according to the invention; 30
Figures 2a, 2b, 2c and 2d are graphs show ng the percentage by nmass of
~drops | ess than 6.4 mcroneters in dianmeter created with varying
parameters r i to the liquid and gas nozzles as s ' .gur es
la, Ib and 1?;‘%”‘[2%’ WO 97/ 11783 e Hrddhelds 91"
PCT/ EP96/ 04153 6
Figures 3a, 3b and 3c are perspective and sectional views show ng
alternative shapes and arrangenents of |iquid and gas nozzle
configurations according to the invéntion; 5 Figure 4 is a graph
showi ng average drop sizes produced by a nozzle according to t he
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i nvention. I1§hapes aridcéreamgemerits of liquid endigas ndxzzielcordigurations according tocthief or m

of the atom ﬁ," glqti&.pzzl e assenbly 1 consists of a cylindrical gas
nozzle 2 having a cCircular orifice of 125 m crons internal dianeter,
and a bevelled liquid nozzle 3 of a simlar internal di amet er but

presenti ng aRigare Atis agraphushawingraverage dropisizespradyraditiyya nozfle aotordingdas 15
nozzle 2. Liguis I 1 ng hahgat the liquid outlet orifice
I's positi oneg‘lé 'H"&&%'p‘@gf?’ﬁl'@ﬂ{?% gas E)%t' Fet orifice diameter downstream
of the gas outlet orifice. The |l ateral position of liquid nozzle 3

rel ative to piyuré 648 aagraphaliowingmpan deopivelocities pradated by ageozzis aceortlingn  of
t he gas nozz{oem%r}gvé'rﬁb‘;teterm ned according to Figure 1c by the
equation: 20 ’ L= 100 r/ (% . The liquid and
gas nozzMNB@s may be nmade from stainless steel hypodernmic 316 or any

ot her sui t abReféffihgtb Figuresslapdbz e shdatdl d pesfenied forni of thedatbmising moazlet e
0 S 231 ooy egskibhl 1, RENYEEr 4l ooe hrS 2 ity 4 dbuld s o 125
- microns ‘infemal diameter, and a bevelied liquid nozzle 3 of a similar internal
- diameter but presenting an eliptical outlet orifice positioned ‘partly in front of gas
15 nozzle 2. Liquid nozzle 3 is arranged such that the liquid outiet orifice is positioned
approximately 1 gas outlet orifice diameter downstream of the gas outlet orifice.
The lateral position of liquid nozzle 3 relative to gas nozzle 2 may be expressed as
percentage obscuration of the gas nozzle and is determined according to Figure
1c¢ by the equation:
20

L=100r/D (%).

The liquid and gas nozzles may be made from stainless steel hypodermic 316 or
any other suitable material. Gas nozzle 2 and liquid nozzle 3 define an acute angle
25 of 40° between them.

In use, air 4 is delivered at sonic velocity through gas nozzle 2 and liquid 5 under
pressure is. introduced into the gas jet at a velocity around 1.4m/s through liquid
nozzle 3. For the purposes of the experimental resuits given below the liquid used
30 is water. However, the liquid may, for example, consist of an aqueous suspension
or solution of a medicament or other bioactive molecule. Bioactive molecules
suitable for this purpose include proteins, peptides, oligonucleosides and genes'
such as DNA complexed with an appropriate lipid carrier, for example, DNA
encoding cystic fibrosis transmembrane conductance regulator (CFTR)
35 protein/cationic lipid complex, useful for the treatment of cystic fibrosis.
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Medi caments suitable for this purpose are, for exanple for the treatnent of
respiratory disorders such as asthma, bronchitis, chronic obstructive

pul nonary Métizaents soilablector thi¥ patposes are\didr taxample fed ithertradtmentf be
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(-) - 4- ami no- 3, bronchedilaters; &.9 SPH%Q'PB FQIbHW‘TQi-l @phedring, x§drenaiine, fenoterol,
hexyl ] am no] mefonnbidretn Zsopremilives) ometapirotesdriat,s phenylephirine, qphehyipropanociamine,
ant | chol | NFE0l Giourerol poteld” ek, {Shodihfifal! 5etRirielLioBRle ofiraRiIfS
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the activity agfipeagdiPitvifi betiedrts d'palsoA SkiNed it &t R, where appropriate,
the medicaments may be used in the form of salts (e.g. as alkali metal or amine
salts or as acid addition salts) or as esters (e.g. lower alkyl esters) or as solvates
(e.g. hydrates) to optimise the activity and/or stability of the medicament. Preferred
25 medicaments are salbutamol, salbutamol sulphate, salmeterol, salmeterol
xinafoate, fluticasone propionate, beclomethasone dipropionate and terbutaline
sulphate. It is to be understood that the suspension or solution of medicament
may consist purely of one or more active ingredients.

30 The shape and position of the liquid nozzle 3 causes interaction with the air jet
such that the liquid flows mainly to the tip 6 of the nozzle and detaches and rapidly
atomises in the high velocity gas zone to form a slow moving spray. Siow moving
sprays are particularly suitable for delivery to the tracheobronchial and alveolar
regions of the lung as they reduce the amount of impingement of droplets at the

35 back of the throat which tends to result from faster moving sprays. Slow moving



25 nmedi canents are sal butanol, sal butanol sul phate, sal neterol, sal neterol
xi naf oate, fluticasone propionate, becl onet hasone di propi onate and

terbutaline sul phate. It is to be understood that the suspension or
sol uti on of medi canent may consi st purely of one or nore active

i ngredients. shape and position of the liquid nozzl
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particularly suitable for delivery to thegtracheobronchial and al veol ar
regions of the lung as they reduce the anbunt of inpingenent of droplets at
the 35 back of the throat which tends to result fromfaster noving sprays.
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20 i1s drop e with a diameter less’ micrometers as measured by the
deposition of spray in the second stage of a twin impinger device. It is evident from
figure 2a that the optimum results at liquid flowrates of 1.0ml/min and 1.2ml/min
are obtained at approximately 50% obscuration, though the deterioration of spray
characteristics with different obscuration values is much less marked with the

25 bevelled orifice than with the square edge orifice.

Figure 2b shows the variation in fine particle mass creation with variation in GLR
for one atomising nozzle with-a bevelled liquid orifice and one atomising nozzle
- . with a square edge liquid orifice using different percentage obscurations with
30 constant liquid flowrate. This demonstrates that a significant improvement in
atomisation efficiency is obtained using the bevelled liquid orifice with over 20%

fine particle mass being attained with a GLR of around 0.12.

Figure 2¢ shows the variation in fine particle mass created with variation in GLR at
35 selected liquid flowrates and gas nozzle obscurations using a bevelled liquid



are obtained at approxi mately 50% obscuration, though the deterioration of
Spray— characteristics with different ohscuration values is mich less
marked with the 25 bevelled orifice than with the square edge orifice.
Figure 2b shows the variation in fine particle mass creation with variation
in &R for one atom sing nozzle with a bevelled liquid orifice and
one at om si ng wex9l1e783 with a square edge liquid orifice pet/Rfosna153
di f'ferent percentage obscurations with 30 constant liquid flowate. This
denonstrates that a significant inprovenent in atom sation efficiency
I's obtained using the bevelled liquid orifice with over 20% fine
particle mass being attained with a GLR of Saround 0. 12. Fi gure 2c
shows the variation in fine particle mass created with variation in GLR at
35 selected liquid flowates and gas nozzl e obscurations using a bevelled
l'i quid nozzie. TW3S igure 7 @emonstrates that improved performance resuits from
PCT/ EP96/ 04153ncreq sed GLR and that 20% deposition is achieveable at a GLR around 0.12
nozzle. This figure nstrates that I nproved per orrrance resu om
i ncreased GLR WHYSPWRPSsH5BUA0si tion i s achi eveable at a GR of around
0.12 wi th 50% obscuration 5 Figure 2d shows the opti num gas nozzle
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r opor |onate to naintain the same GLR, and sim lar
trends to thos®ia tolers &E%atéﬁrbfound but with optinum spray
characteristics occurring at h| gher obscurations. Using 125 m croneter
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figure 2d are found, but with optimum spray characteristics occurring at hlgher
obscurations. Using 125 micrometer diameter nozzles and GLR values of 0.2,
liquid flowrates of 1.2mi/min and 1.8mi/min exhibit optimum obscurations of 50+/-
5% and 75+/-6% respectively.
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Figure 3a shows an alternative nozzie assembly design which is similar to that
shown in figures 1a-1c but in which the gas nozzle 6 has a rectangular profile.
Such a gas nozzie profile may reduce the chance of the liquid jet ‘punching'
through the gas jet leading to non atomisation or partial atomisation. By suitable
25 design of the gas and liquid nozzles it may be possible to increase atomisation
efficiency through increased gas vortex shedding around the liquid nozzle outlet.

- Figure 3b-shows another nozzle assembly in which the gas nozzle 7 has a profile

_ similar to that depicted in figures 1a to 1c, and the liquid nozzle B presents a

30 ‘square edge’ circular arifice. A blade S is positioned partly in front of gas nozzle

7, and this helps to generate turbulence, vortex shedding and shock waves in the

gas jet to aid atomisation and dispersion of liquid. Blade 9 may additionally be
made to vibrate to enhance its effect.



20 Fi gure 3a shows an alternative nozzle assenbly design which is
simlar to that shown in figures la-1c but in which the gas nozzle 6
has a rectangul ar profile. Such a gas nozzle profile may reduce the
chance of the liquid jet 'punching t hrough the gas jet |eading to non
at om sation o Oﬂﬁhkégl atom sation. By suitable 25 design o;c%he as_and

| i quid nozzle be possible to increase atom sation ﬁ%ncy

t hrough i ncreased gas vortex shedding around the liquid nozzle outlet

Fi gure 3b shows anot her nozzle assenbly in which the gas nozzle 7 has a

profile simlar tothat depicted in,higures la to 1c, and the liquid
nozzle 8 presents a 30 'square edge' circular orifice. A blade 9 is
positioned partly in front of gas nozzle , and this helps to generate
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Figure 5 shovﬂ-lfﬁmeﬂt#@aﬂn‘!ﬁrcﬁﬁt'ﬁé F’ﬂ'“&%?’é‘ﬁ'“ﬁ"%@&ﬁe *;rom the liquid

nozzle 45 along the centre line of a spray produced by an atom ser using

two 125 %ﬁﬁgﬂh‘a@s%?rméﬂ d%%ﬁ& sy’"ht 4Qa fshari?:eﬂ"’h%rﬁ 'tl?é‘”lla&i% Wzzle

180m / m n. asuremnmen 98 Y nt ec E}geer usﬂo ?wo 125
anenonet er. THengrthg centre ine of a spray produced by an atom g

: micrometer diameter nozzles at 40° with a gas flowrate of 180mi/min.

Measurements were made using a Dantec phase doppler anemometer. The drop

20 velocities exhibited are less than those delivered by conventional propellant based

MDIs. Such reduced drop velocity leads to lower deposition in the oropharnygeal

region when sprayed into the mouth for delivery of drug to the respiratory tract.

Such characteristics may provide a distinct advantage over conventional

propellant based MD! delivery by leading to a reduction in local effects and

25 systemic exposure due to oral absorption.

It will be appreciated that an atomising device may comprise a plurality of
atomising nozzle assemblies as described arranged in an array.



20 velocities exhibited are Tess than those delivered by conventi onal
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Cl ai s 1. An atom sing nozzle assehbl y for generating a respirable
spray of droplets of a size suitable for nedical inhalation therapy
froma liquid nmedi canent, the 5 nozzl gyAamenbl y conprising a gas nozzle
for producing a jet of gas and a liquid nozzle for ejecting the
liquid to be atom sed into the jet of gas at a position downst ream

of the gas nozzhe, Ahatomisitig ruxdio assehmily foh gegerating azespivatsie ispray of droplets

| d |

[ aui d at gan - bPa¥i S oot HldicaPinhkiafion therdhy fftin il Fredithridif, e
atoni si ng Sozz| Bozale WWU&P&R@FW ges npgdle W@HB@EQ@ jebef gas-and ﬁd'ql-"d
the liquid to baogtierfosefbcting thé ligaitsto beaatomisedeinto thepjed df gjasgatnaj sdsititn

bei ng cont i gur c§oenERSam Bne' Gt fiog #%fg“-"%"w i 8" o Rofd8 fi

jet so as to pradddezzieangiconfigured:such thasthe jeb of SﬁﬁﬂFE'f'ge%P"éh% igid at an

sui tabl e for nedegtelarghdf atoise thedigaly, the gas to li qui d mass
flow ate r%tlo being less than 0.5. 3. An atorri si ng nozzle
assenbl y accordl ng to claim2, characterised in th gas to

liquid mass rati%e |An@omising pazzle agsembly comprising %{t'Sﬂ’Fts‘?’l?g“?gﬁ FQ!' ejecting
according to anyhep ﬁqmddo ihg atbmised anlcatdeastroneqwbzzie for producirizpa jdtiof gassthe

nozzle is at r@%ﬁl : |
the liquid i s d Fe\?%? &éé ﬂ é’hl& S‘HnﬁClhg%ﬁ!)éZh;s bhé]phg nB?ZIé &{Wn@d sx#ch
gas. that the liquid is impacted upon by the gas let SO as to produce a resptrable
15 spray of droplets of a size suitable for medical inhalation therapy, the gas to
liquid mass flowrate ratio being less than 0.5.

3. An atomising nozzle assembly according to claim 2, characterised in that
the gas to liquid mass ratio is 0.2 or less.

4. An atomising nozzle according to any preceding claim, characterised in
that the gas nozzle is at least partially obscured by the liquid nozzle such that
the liquid is delivered from the liquid nozzle directly into the jet of gas.

25 ':‘ 5. An atomising nozzle assembly according to any preceding claim,
characterised in that the liquid nozzle is bevelled such that the plane of the
outlet orifice is approximately parailel to the plane of the outlet orifice of the gas
nozzle.

30 6. An atomising nozzle assembly according to any preceding claim,
characterised in that the liquid and gas nozzies have an outlet diameter
between 50 micrometers and 200 micrometers.
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An_at omi si ni"nozzl e assenbly according to any preceding claim

;:Plgr act érl IHIHJIIIMIIMII l'i qui d nozzl>/e i s bevelled such that the plane of

i-s appr oxi rrately paraIIeI to the plane of the
outlet orifice 6f the gas nozzl e. . An atom sing nozzle

assenbl y accopdighgi7e® any precedin aracteriﬁ_elg%jgggm; t the
l'iquid and gas nogzl es have an out 3%"33'#’%& 2 BEEQ bet ween 188
m.croneters and 200 mcroneters. % 97811783

PCT/ EP96/ 04153 S 12

7. An atomising nozzle assenbly according to any preceding claim
-characterised in that the gas nozzle and |1@uid nozzle are configured such
t hat the jet of gas inpinges on the liquid at an angl e of betvveen 40
and 60[err]. 5 8. An atom sing nozzle ass |y accordin ,
preceding clai M. An atommcﬂm%eawtmaﬁ*ﬁanﬁ 39 &"Y]OP%‘@S I‘iﬁ'mi-s
posi ti Oan Upt }&utaiéhtmmzmhethe gas nozzlé lant Irﬂu&dmzzle; acbmmﬁgwedrsu:ﬁh that
gas nozzle ou . . ging to
claim8, char aéﬁ%ﬁtgggafH“P'ﬁgﬁé%%%ﬁh%gl (B](u%é nozzi e out? % IS positioned
between 1 and 4 gas nozzle outl et di anet ers downstream of the gas
nfzz' e outset. 8, An atdRisify AGLXS Sasgenbly 2 aecordingr itoi agyappéceuuig tolaind,
arranged i 2°2ﬁﬁ\sr et Ptnat the liqfl izl ‘%ﬂ&*e@@‘ﬂﬁ%@atﬁ P 10 pds oz,
spray of dropl eautlebgiiametersciownstrggmofithe gas nozzle Owliet- cal i nhal ati on t her apy
froma liquid medi cagent by introducing the said : liquid into a jet

ot anhcute andie B8 HRRNBnGeRf dfenity S8SorifR (iEIPE, Ehfjactefitid in PR A
met hod acdoOr di rtget liquid anerzie | O%hhrlﬁcﬂ‘ﬁ'ﬂ% pRtveeR: 1t Ard 4 995 NEpzlg; putiet

nmass flow ate rgbingtdrs dodmstréamioftheégas nozzle oullé. A nethod for creating a
respirable spray of droplets of a size suitable for 25 medi cal
i nhal ati on theraé)y froma |iquid nmedi capent by jntroducjng the said

An atomising nozzle comprising-a plurality of atomising nozzle assemblles

according to any of claims 1 to 10 arranged in any array.

15
11. A method for generating a respirable spray of droplets of a size suitable for
medical inhalation therapy from a liquid medicament by introducing the said
liquid into a jet of gas, characterised in that the jet of gas impinges on the liquid
at an acute angle to the direction of flow of the liquid.

20

12. A method according to claim 11, characterised in that the gas to liquid
mass flowrate ratio is less than 0.5

13. A method for creating a respirable spray of droplets of a size suitable for

25 medical inhalation therapy from a fiquid medicament by introducing the said
liquid into a jet of gas such that the said liquid is impacted upon by the said jet
of gas, the gas to liquid mass flowrate ratio being less than 0.5.

14. A method according to claim 12 or 13, characterised in that the gas to
30 liquid mass flowrate ratio is 0.2 or less.

15. A method according to any of claims 11 to 14, characterised in that the
liquid is introduced into the jet of gas by means of a nozzle which is at least
partially positioned within the jet of gas.

35
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liquid into a jet of gas such that the said liquid is inpacted upon by the

gt 0 aS—tGudbeiimsSflourat e ratio heing less
tsﬁ:an 0. 5. ”"l"”ﬂllmmmm od according to claim12 or 13, characterised

in.that the gas $0t30® sliqguid mass flowate ratio is 0.2 or |ess.

15. A method according to any of c}-aLm: 11.t0 14 _characterised in that the
liquidis intr¥@@@U8Into the jet pfiiiGaSHER HABBEENT] a nozzl ecwpekodiss at

| east partially positi oneds W t hIRIEPLAI((}E[] et off gas. 35
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16. A nethod according to any of clains 11 to 15, characterised in that the
liquid is introduced into the jet. of gas by A3reans of a nozzle havi ng an

out | et di anet er between 50 m croneters and 200 m croneters.

5
17. A.method acggr di Msth {é‘éﬂ? of idifis 13 o° 15" ad @Fkﬁ?gd' tﬁélathet he
gas I npi l?&e lg ?mr;ﬁ:%i?ﬁo mgt,etan 32 iy mear?;g aer?ozz vmé‘gan outlet

- diameter between 50 micrometers and 200 micrometers.

5 17. A method according to any of claims 11 to 16, characterised in that the gas
impinges on the liquid at an angle of between 40° and 60°.

10
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