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BACKGROUND OF THE INVENTICN Li qui d atomi Zers are well

known and cone in

several types, including. aerosol, nmanual and ultrasonic. For exanple,
there aré aerosol atom zers for various 30 applications, such as di spensing

cosnetic and hygienic products (hair spray, deodorant,

etc.) and cl eani ng
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etc.). Aerosol atom zers can also be used for dispensing nedicanents
al t hough t hey have significant drawbacks when used for that purpose. 5

U trasonic gtonlzers i ncl ude one type using a

10

AEROSOL AIRFLOW CONTROL SYSTEM AND METHOD

This application claims benefit and incorporates by

15 reference the entire disclosure of U.S. provisional
patent application No. 60/154,074, filed September 13,

1999.

20 FIELD OF THE INVENTION

The present invention relates to flow control and

filtration methods and apparatuses relating to medical

devices, drug delivery devices, food dispensing

BACKGROUND OF THE INVENTION

devices, aerosol generation devices. and the like. .

Liquid atomizers are well known and come in several

types, including aerosol, manual and ultrasonic. For

example, there are aerosol atomizers for various

30 applications, such as dispensing cosmetic and hygienic

products (hair spray, deodorant, etc.) and cleaning



pi ezoel ectric elenent to atomze a liquid nedicanent deposited thereon by
manual |y noving a piston within a cylinder containing the nedi canent to be

atom zed. The 10 piston forces the liquid froman outl et

in the cylinder,

whi ch depd¥PPY38002 ont o the piezoelectric atom zer, whi chPEHUSQ2AI4PpS
activated as part of the manual nedlcanent-dispensing operation. 15 These
exi sting drug delivery systens, however, psuffer froma nunber of

di sadvant ages. One problemw th existing drug delivery systens is poor

delivery effighpncyomd (tdleslrﬂe@ce%tteﬂ ail ?%sﬁéﬁ&esté@tﬁd that on

average, with existing systems, only a snal

20 percentage of the

medi cat i on dos&evmﬁqilatpmﬁzgnaugam aﬂsonba bsed dfoesdispensing ual | y reaches

the patient's ﬂ9§m$ﬂ%{ e h

si gni ficant po?%#on 0 ealtth %?gi’t I%gl%kll }r[ﬁg)g%t glgﬂ%ﬂl'gf‘ﬂ:c #%)bﬁqr%é I nner
surfaces of t ehewvasesd fﬂr:thm&k@mrgbsehe drug delivery device | ess than
optinmal for_ delivering expensive nedication. Thus, there exists the need

for an appa?atus and/or nethod of inproving the delivery efficiency of

fluid 30 deliyPtyastiic efcomd@edlt 38094dB8CIALSOPhe Mg

‘a3 SUWMARY OF THE

| NVENTI ON The present invention presents new an unlque nmet hods and
appar at uses f JPieiealeciFic @lementotal ahanizent rhignid) nediganendver an

aerosol gener Rtk fidd A3RracANBy! Renbal 8F Rbv iRy 'S e GHARUS! o(moUth)

pi ece for

cylinder containing the medicament to be atomized. The

10 piston forces the liquid from an outlet in the

cylinder, which deposits it onto the piezoelectric

atomizer, which in turn is activated as part of the

manual medicament-dispensing operation.

15 These existing drug delivery systems, however, suffer

from a number of disadvantages. One problem with

existing drug delivery systems is poor delivery

efficiency of the medication. It has been estimated

that on average, with existing systems, only a small

20 percentage of the medication dose which is dispensed

from a fluid reservoir actually reaches the patient’s

lungs where it can achieve the intended result. A

significant portion of the medication impacts and

sticks to the inner surfaces of the device.

This makes

25 the drug delivery device less than optimal for

delivering expensive medication.

Thus, there exists the need for an apparatus and/or

method of improving the delivery efficiency of fluid

30 delivery devices.



a fluid dispensing device. The present invention also presents nethods and
apparatuses for directing air flow through a filtration 10 elenent to
limt aerosol particle size. Thus, particle- size distribution tailored to
a parti cwiom/sioze or range of sizes of particles. The RG22 ention is
il lustrated and described in 15 conjunction wth a nebulizer/inhal able :
drug delivery system Such systens gnﬁogpass dry powder generators,
nebulizers (liquid generators), propellent generators, and the |ike. 20

Accordi ngly, 'BMRP :ﬁ&nﬁﬁﬁ esent invention, an exhaust menber for
an airflom1c§h ro 9ag%ara us 1's Sp;sented. The airflow control apparatus

includes a shReoppesgrtcinverdnicupresenandnew nandrurique sedhodsg nenber

positioned adjgcent thereto._The exhaust nber, 25 i.ncludes a generally
circul ar hou§JP g2RBOFARUSSF | $0c CT SRerP 'gnﬁf’rﬂﬁ'fuéorﬂflpoasqtfi oned adj acent the

aerosol genghitrh@NifyrdBcEle dviear anr hedvsoDNgemraipa aurfacen openi ng
for exhausting a material entrained airflow out  of the exhaust nenber, a

pl ural ity Sof apd| he intewnal,Watdisc 2fi 87 GFRARSHLIRORER) PI85E ARTi nner

shroud posi i engdgagdi 8s&mdidd aevieer, wal | establishing a gap WO 01/38002
PCT/ USO0/ 25146 4 ther'ebetween. The shroud includes a central opening

adj acent the aerosol generation surface. In another aspect of the present

| nvention, anget Badegnf Ol nyiSld e 180 BragEnts! hetbdBidid al from an

exhaust
apparatuses for directing air flow through a filtration

10 element to limit aerosol particle size. Thus, particle
size distribution tailored to a particular size or

range of sizes of particles.

The present invention is illustrated and described in

15 conjunction with a nebulizer/inhalable drug delivery
system. Such systems encompass dry powder generators,
nebulizers (liquid.generators), propellent generators,
and the like. |

20 Accordingly, in one aspect of the present invention, an
exhaust member for an airflow control apparatus is
presented. The airflow control apparatus includes a
aerosol generation surface and a material dispensing
member positioned adjacent thereto. The exhaust member

25 includes a generally circular housing having an inner
wall, a first end positioned adjacent the aerosol
generation surface of the airflow control apparatus, an
opening for exhausting a material entrained airflow out
of the exhaust member, a plurality of inlets in

30 communication with ambient air and an inner shroud

positioned adjacent the inner wall establishing a gap



menber of an airflow control apparatus includes the steps of discharging
an anount of a material on an aerosol generation surface of the airflow

control apparatus, where the aerosol generation surface | L tioned
adj acent ﬁ@ﬁ‘@?‘gntially cl osed end of the exhaust- nenbel#&é'ﬂﬁp}%%%

apparatus. The nethod also includes the steps of aerosolizing the material
via the aerosol generation surface, cendqurrently creating a first airflow
for sweeping over the aerosol generation 15 surface to entrain the

aerosol i zed netiperébetwsth.a TiRC@htoadr iholudesasi dgntrdlnyendfngi r bet ween
the first airflow and walls of the exhaust nenb The nethod al so

r.
i ncl udes the s?@ﬁ??ﬁnﬁxﬁﬂﬁrﬁQﬁfﬁFﬂe9?PF§Ft18ﬁdsFﬁ€a%%tond airfl ows

downstream fromthe aerosol 20 generating surface. In yet another aspect
of the present invention, a mnmethod for delivering a dose of an aerosolized
nedi cament fr ofi a@neSHR ASRASHOE Fheapyeagnielprveriion, feweatdhasdhvi ng an

aer osol gengraﬁg%éﬂéé}gﬁujgw %%%so&@%e?tﬁ%e?{?ﬁieé%}(grﬂ Hafdgse of a

medi canment 0On aero eneration surtface o g delivery devi ce,
wher e the aer asembepenef in @irfildwcentsoposppavatus athalosdes £heubst antial |y

| osed end of the exh 30. renber, | 2] he. ial viath
Ger 050l gener SETR SR ST, AP ARPY AR 85 P o F 1 S MWL) 38002

PCT/ USOCQ 2514 6aefosdl rddmeydidions sueifiace 6¥ecthéhaipflew dorgayodr ati on
surface to entar\papi:ar.]rata:?s ,aev;h%sr%l i'l:Zheed argi'gisg ”SQLérS‘Qfor? surface is
10 positioned adjacent a substantially closed end of the
exhaust member of the apparatus. The method also
includes the steps of aerosolizing the material wvia the
aerosol generation surface, concurrently creating a
first airflow for sweeping over the aerosol generation
15 surface to entrain the aerosolized material, and a .
second airflow creating a layer of air between the
first airflow and walls of the exhaust member. The
method also includes the step of combining the first
and the second airflows downstream from the aerosol

20 generating surface.

In yet another aspect of the present invention, a
- method for delivering a dose of an aerosolized

medicament from an exhaust member of a drug delivery

25 device having an aercsol generation surface includes
the steps of discharging a dose of a medicament on the
aerosol generation surface of the drug delivery device,
where the aerosol generation surface is positioned
adjacent a substantially closed end of the exhaust

30 member, aerosolizing the material via the aerosol

generation surface, concurrently creating a first
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second airflow creating a |layer of air between the first airflow and walls
of the exhaust nenber, and 5 conbining the first and the second airfl ows
downstream fromthe aerosol generating surface. In yet_another aspect of
the presé¥@0138@ntion, a systemfor delivering an aer oB6TUSWRSMEt eri a
froman 10 exhaust nenber of an airflow control apparatus includes

di schargi ng neans for discharging an.ampunt of a material, aerosolizing
nmeans for aerosolizing a naterial, where the dischargi ng neans di scharges

the materialajadiacetbr! Swbbsing GeeY ithe aerB8bs, gahéFa®Menld generating
means for concurrently creating a first _airflow Tor sweeping over the

aer osol i zi ng sWEfase; §° eRtraim the ARNAsAdd 2R BRdLFaneRly Anbdond airflow
creating a | @é%ron&f aﬁ%lﬁﬁ&‘?@&iry‘ d1i ragklabggf h_;o_yv ggg,eé(yglc#&hof t he exhaust
or 20 co and t

menber, and conbi ni ng nmeans 'ning the first e second
ai rfl ons dowfSimsgamirflom and wakls @if dhecexhrngt snember, and

t hree-di si_gnal. L.e e ] : g Eﬁpsent
i nvention ycﬁFggPﬁgbighﬁp?%$%ta 6§Sﬁﬁ%%gc§gaaﬁigﬁfééﬁrééréﬁﬁ Ow prior to
the airfl ow eriom mhet Aepaghl tdenexEtiimyg sutifacehr ee- di nensi onal obj ects may

i nclude a cylindrical shape, a circular, ellipsoidal or hem spherical
shape, a planer shape, an interlocking nesh, and a cylindrical array. 30

The t hr ee- di M setNahothapcasFect|FO thieC phdgent Pohiverst ia 0% 38002
PCT/ USOCQ 25146 6
system for delivering an aerosolized material from an
10 exhaust member of an airflow control apparatus includes
discharging means for discharging an amount of a
material, aerosolizing means for aerosolizing a
material, where the discharging means discharges the
material adjacent to the aerosolizing means, airflow
15 generating means for concurrently creating a first
airflow for sweeping over the aerosolizing means to
entrain aerosolized material, and a second airflow
creating a layer of air between the first airflow and
walls of the exhaust member, and combining means for
20 combining the first and the second airflows downstream

from the aerosol generating surface.

A three-dimensional object may be used with the aspects
of the present invention by placing it within a path of

25 an entrained airflow prior to the airflow exiting
through the opening. The three-dimensional objects may
include a cylindrical shape, a circular, ellipsoidal or
hemispherical shape, a planer shape, an interlocking
mesh, and a cylindrical array.

30
The three-dimensional shape may also include a porous



medi a. Such a porous nedia may establish a predeterm' ned particle size
based upon properties of the porous nedia. Such properties include at

| east one f hi ckness of the nedia, a pore volune of é¥ﬁ, la, a
pore size %‘So’t’ﬁg';zrredi a and a hydrophillic/hydrophobic ba‘lI anc%")g%q% he

medi a. The gap established:between the shroud and the inner wall of the
previ ous aspect may al so be adjustabl e~ 619 BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1A illustrates a side-schematic view of a nouthpiece for a
flow control desdize. amhdiangotroushmedpaasantestalditshom 15 Fig. 1B

Il lustrates an end view of. the nouthpiece for, the flow cqontrol _.device
according Lo (RRPIRERIINOCE RASHIFLR, D55 FPREed ARYY pIopsrddes of

si de-schemat i Gened @Wrusd medRal.NPsaeR pobpertidny GTde adelicagtaenerding to
the present invention. Fig. 2B illustrates an end view of the nouthpiece
for 25 the flfv&ditickneds, ofethecBrdifg * PR YHawmehof th@ention. Fig.

3A illust ragesméadisg'ded?%gg [k ghe%gfmﬂiaw@! ed nout hpi ece for a flow
rdin

control device 30 acc g to the present invention. WO 01/ 38002
‘PCT/ US00/ 2514 chydropthid.lizg hydreophohiesbalance -af dtheomedid.ew of an

The gap established between the shroud and the inner
wall of the previous aspect may also be adjustable.
10
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1A illustrates a side-schematic view of a
mouthpiece for a flow control device according to the
present invention.
15
Fig. 1B illustrates an end view of the mouthpiece for
the flow control device according to the present

invention.

20 Fig. 2A illustrates a side-schematic view of a
mouthpiece for a flow control device according to the

present invention.

Fig. 2B illustrates an end view of the mouthpiece for
25 the flow control device according to the present

invention.

Fig. 3A illustrates a side-sectional view of an
assembled mouthpiece for a flow control device

30 according to the present invention.



assenbl ed nout hpi ece for a flow control device according to the present

I nvention. 5 Figs. 4A-F illustrate various views of an outer shroud for

t he nout hpi ece for the flow control apparatus according to the present

i nvent i OWO (382 5A-F illustrate various views of an i nPERUSM2E46 10 for
t he nout hpi ece for the flow control apparatus according to the present

I nvention. Figs. 6A-F illustrate varLogs_viems of a hem spherical insert
for the nouthpiece for the flow control® 15 apparatus according to the
present inveption o FLgs. JAFE il]uystra | QUS_ Vi a.support ring
for the nout %{tj)‘fgéchf #f?%%fbﬁ%%vac%ﬁldfao%gg%%é}rlggu‘élévg\(@ogﬁ ng to the present
I nvention. 2@sBepblédi houishpidas fidre ai fitewl cohtrgl adewisnet | on bet ween the
hem spherical insert apd the support .ring,according to the present

i nventi on. 2§°EP§51§%‘ ?1ERS v %§%3§ §PH§8§&ﬂ%hatic view of a nout hpiece
for a flow control device according to the present invention. 30 Fig. 9B

illustrates an end view of the nouthpiece for the flow control device
accor di ng 3t oFif8 - pABsR i1 N5 trates 86X 1PEY/ VieWs 200 AR anten,$BxeREn. Fig. 10

}S a grapphi eb¥Sthat hogthtifedd |43 ikhe £8bi EbREFYL ViprtRath@ ticl e dianeter
or a nou | ece
paccording to the present invention.

Figs. 5A-F illustrate various views of an inner shroud
10 for the mouthpiece for the flow control apparatus

according to the present invention.

Figs. 6A-F illustrate various views of a hemispherical
insert for the mouthpiece for the flow control

15 apparatus according to the present invention.

Figs. 7A-F illustrate various views of a support ring
for the mouthpiece for the flow control apparatus

according to the present invention.

20
Fig. 8 illustrates the interlocking connection between
the hemispherical insert and the support ring according
to the present invention.

25

Fig. 92 illustrates a side-schematic view of a
mouthpiece for a flow control device according to the

present invention.

30 Fig. 9B illustrates an end view of the mouthpiece for

the flow control device according to the present



5 according to the present invention. Fig. 11 is a chart illustrating the
performance of the flow control device according to the present invention
using a cylindrical nesh as an inpacting object. 10 Fig. 12 is a chart

i || ust rat%ﬁ% V¥802%¢f fects of using a cylindrical mesh wi t¥FEWRPERout an
i:znner shroud for the flow control device according to the present

I nvention. 15 Fig. 13 is a chart illustrgting the effects of the inner
shroud at a particular distance away fromthe aerosol generation surface
of the flow coffvetieidnyi ce -according to the present invention. 20 Fig. 14
Is a chart illustrating the efficiency versus particle size for the flow
control device according to the present invention. 25 DESCRI PTI ON OF THE
PREFERRED EMBGQ AN e t. | Q, nection to an

i nhal abl e dr ugga el :\{\/E’:rlygeé?ggﬁi éﬁﬁ?éerggéfg%&ﬁée Elg'stseceiqng'lagd nmout hpi ece 1

i ncl udes a howsstifigiEnayversushpenti@léadiameter baxt aomonthpiege??

posi tioned on 30..end . of e using.located away from an aerosol
generation %urq’%a%coez%é'n& t;% i'fbggpgefﬂ}grﬁmé%&’c%?‘ The WO 01138002

PCT/ US00/ 25146 - 9 exhaust nenber al so includes an inner shroud 12

havi n a center openi.ng 13, an |ppacting, three-dinensional
g Fig.l%I isga chart iffustraéhng the performance of the

flow control device according to the present invention
using a cylindrical mesh as an impacting object.

10
Fig. 12 is a chart illustrating the effects of using a
cylindrical mesh with and without an inner shroud for
the flow control device according to the present
invention.

15
Fig. 13 is a chart illustrating the effects of the
inner shroud at a particular distance away from the
aerosol generation surface of the flow control device
according to the present invention.

20
Fig. 14 is a chart illustrating the efficiency versus
particle size for the flow control device according to

the present invention.

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS
An exhaust or mouthpiece 1 for connection to an
inhalable drug delivery device is presented. The
assembled mouthpiece 1 includes a housing or outer
shroud 2 having an exit or opening 22 positioned on an
30 end of the housing located away from an aerosol

generation surface 6 of a drug delivery device. The



object 4 having a radius 8 and spaced away fromthe aerosol generating
surface a distance 26 (see Fig. 9A). 5 An inpacting object support 10
supports the three- dinmensional object within the housing. As illustrated
in the dmowirsgen2 it is preferable that the alignnent oPCY/K8008BHee el enents
should be indirect 10 -- i.e., it is preferably arranged such that there
is no direct path (e.g., line of sight), between the center opening 13 and
the outer perinmeter of the three- dinensional inpact object to the

s tthngenn al r?ﬁls-roh%'ncq'q' egc%lop%{!(%g O%h%%gﬁ ug %igry devi ce.

particles to°f ow i'm or
Figs. 2A andchehtestmpémaﬁduaausenoﬁmpacaﬁngjathg;q;dﬂmynsaunauhe

t hr ee- dlnen5| nal ject. 4, and the inner. IIs of_ t he usi ng 2,
adj acent the® B@ﬁan BaVing (3 Fa 8 Pnﬁhﬁp e £ ¥ °ﬂ1§‘§er osol

generati on sHeta661 GendrEitif surficezaciestinde Ny Node Fig.upay.
activation, aerosolizes 25 a nateri al glaced on its surface. The

t hr ee- di mMBnsABNAMPAGHLRY qhgpqﬁesyppaﬁy RaperPents ddienghae®yl i ndri cal
shape, a he n S n interlocking nmesh (item
P ”hﬁﬁ@g%i@?%:l? Wt FithidNehe SHORSind g (

24 as shown I n a cy |ndr|cal array and the like. A
hem spheri cal shape is iIIustrated in the figures. WO 01/ 38002

S o ot RS S s A e 1

the alignment of the above elements should be indirect

10 -- i.e., it is preferably arranged such that there is
no direct path (e.g., line of sight) between the center
opening 13 and the outer perimeter of the three-
dimensional impact object, to the diameter of the
opening 22. The indirect path forces the aerosol -

15 particles to follow an airflow in order to exit the

drug delivery device.

Figs. 2A and B illustrate the use of an annular gap
between the three-dimensional object 4, and the inner
20 walls of the housing 2, adjacent the opening 22 at the

exit of the mouthpiece.

The aerosol generation surface may include a
piezoelectric horn which, upon activation, aerosolizes

25 a material placed on its surface.

The three-dimensional object may be of any shape

including a cylindrical shape, a hemispherical shape, a

planer shape, an interlocking mesh (item 24 as shown in
30 Fig. 9aA), a cylindrical array and the like. A

hemispherical shape is illustrated in the figures.



7- 440/ 40, 7-855/55 or equivalents thereto. 5 The three-di nensi onal object
may al so include a porous nedia such as a porous plastic. The porous nedi a
is selected having appropriate properties for establishi

pr edet er mi W2 4V2800% particle size for a nedicament ai rf|0€\,‘gl|'"r’r§“§@fléﬁ upon
its surface. 10 The support: menber 10 is illustratéd as a support ring
having an interlocking cam5 for intertot@&iag With an associated portion
of the hem spherical inpacting object. Such a portion may include a lip or
an openi ng 15 #ith Rpird 1o ihtetdockngveybindriddie nemhesphehecal obj ect

may include an_interlocking tab fqor bein received b regei.ving portion
within the nolfMpiBERI may beyyse ﬁePﬁF%g%qum Jkl?q%s 7n$é£f*?at ed using
a 20 separate AupuY4do,Teiaes,/ SEMBRCEEAIvETeRes Gdkdtisi ng, one skilled in
the art will appreciate that all three itens may be manufactured in one

pi ece using techniques, such as plastic injection nolding, famliar to

those in the apfe 3p-a@l RAbhaRt gi,?ae{e;ﬁ%,;;%ﬂﬁg&dt}gé%e@ %ﬁoagrf'ow

generated froma series of inlets 1 ocate of "t he nout hpi ece
near the aer oguedigersucit iasna porbasepilasticectBhrk tpoxouss meiddacist 22 of the
30 nout hpi ece. EE the airflow ks, first forced

gaps 11 bet weeif ef\,\f'ﬁ:vq%r’]ﬁl@r‘n?ﬁr SBErV‘B’:bi‘F%gBB%p%’/%’s(f@t%%%%%%lﬁsiliﬁiges of

a predetermined exit particle size for a medicament
airflow impacted upon its surface.
10
The support member 10 is illustrated as a support ring
having an interlocking cam 5 for interlocking with an
associated portion of the hemispherical impacting
object. Such a portion may include a lip or an opening
15 for receiving the cam. Conversely, the hemispherical
object may include an interlocking tab for being

received by a receiving portion within the mouthpiece.

Although the present invention is illustrated using a

20 separate support member, impacting shape, and housing,
one skilled in the art will appreciate that all three
items may be manufactured in one piece using
techniques, such as plastic injection molding, familiar
to those in the art.

25
When a patient inhales through the device, airflow
generated from a series of inlets 15 located at the
back of the mouthpiece near the aerosol generation
surface is directed towards the exit 22 of the

30 mouthpiece. However, the airflow is first forced

through a series of gaps 11 between the inner shroud



and the internal wall's of the nouthpiece formng a split airflow One
portion of the airflow A (Figs. 1-2) achieves a 5 velocity and direction to
sweep aerosolized particles generated off the aerosol generator surface,
entrai ni goovisesn i nto the directional air. The other poPCTAIS00E5146t he
airflow B creates an air cushion between the aerosol entrained air flow
and the internal walls of 10 the nouthgi;ece, so that aerosol particles do
not. aggl onerate on the internal walls 3? t he mout hpi ece. Both air flows,
aer osol generator, I e | | - O, i Ng,. pronote m xi ng
and redirect iaglr?o 5:1’] gﬁﬁ?hgg%?;\gﬂ'ic?wq?n%hgn?‘ g{al%gggegéer%%ir{%ﬁard t he
nout hpi ece explizsadrfdowined airflow C. Prior to airflow C exiting the
nout hpi ece, it is swept over the three-dinensional and/or porous nedia in
order to obtain a proper targeting effect for the aerosolized 20 drug for
a particul ar gpat portibhcsfpyhe Hirfilvhed (FIGBS| 0R2) SdnBstesazd porous
medi um are_ used as an inpaction or filtration site to lim¢t _the anpunt

and parti & e VElPEity eAE QHTPGHIRM tRerySEP aereRelized pErYiclese

mout hpi ece. AgnbRatal off WhPasSRBd1Y Gendbtol NEREEAd N riadalisny0r OUS
media, a predetermned particle size’is established for exiting'the

devipei Ai;ﬂﬁuﬁn Anpoathe @éﬁ@ﬁﬂiﬂﬂ?@daéébmp@hGSQEkﬁ#rgptﬁiQ@ePGSplize?
par 11 O Ll ol 5Bk AT S LAYLELYAbudill i o1 o

aerosol entrained air flow and the internal walls of

10 the mouthpiece, so that aerosol particles do not

agglomerate on the internal walls of the mouthpiece.

Both air flows, aerosol generator sweeping and internal
surface protecting, promote mixing and redirection of
15 the air flow and entrained aerosol toward the
mouthpiece exit as a combined airflow C. Prior to
airflow C exiting the mouthpiece, it is swept over the
three-dimensional and/or porous media in order to
obtain a proper targeting effect for the aerosolized

20 drug for a particular patient therapy.

The three-dimensional object and porous medium are used
as an impaction or filtration site to limit the amount
and particle size of the entrained aerosol at the exit
25 of the mouthpiece. As the air flow passes over and
through the object/porous media, a predetermined

particle size is established for exiting the device.

Airflow may also be balanced between sweeping
30 aerosolized particles off of the aerosol generator

(airflow A) and protection of internal surfaces



(airflow B). This is acconplished by adjusting the inlet gap 11 distances
between the inner shroud and the internal walls of the nouthpiece, thus

al | owi ng fV?{))OII%BH&i ng of system 5 The three di mensional i%}@%@zemnt

accordi ng € present invention functions as follows

retaining the fluid to be di:spensed is positioned adjacent to an
aerosol i zer device 6. The valve 14 i.s 2013pened di spensing a solution onto
the horn which is sinultaneously activated. The horn then aerosolizes the
solution. At t{edistlow tB)ne Thdsvabvaceamppisked oy didipstdagssheti on onto

the horn, a patigent inhal.es.an ng. | to. reafter ough the
nout hpi ece 15 Jtﬂf%ﬁegq%ﬁ'% é’i;%&g\?lcgg. Bgﬁ‘glg%?\tg%% ﬁ}grlrﬁ%etrsgﬁgggl é?’g] }t&% of

inl ets 15 posiintsmihindialdenioft Bheemndubhpisee, Mthish@ldowingatorhe aer osol
generation surface. The resulting air flowis split into two conponents:
one directed BPYHME Ao S¥SE Ngenerat or (A) and the other.for 20 creating an
air cushiongfor protection of the internal walls of the nouthpiece (B)

The two conponents of the airflow conbine downstream fromthe aerosol
generator to The rkhuee IGiwegsivhalcimpaction elengnt agcoradingo®o is forced

Spoci {1 c tar gttty IERLds SanEELbhS NGAGBL R VB EE 1D T lde
PeCap(r) Pol yestsxinim)dhél fanddNEoekér didspénsed-i20pbsition€de r emai nder of
the figures ilé&?ﬁé&ﬂéat%h%n aerosolizer device 6. The valve 14 is
10 opened dispensing a solution onto the horn which is
simultaneously activated. The horn then aerosolizes
the solution. At the same time the valve 14 opens to
dispense solution onto the horn, a patient inhales and
continues to inhale thereafter through the mouthpiece
15 of the inhaler device. Ambient air enters a plurality
of inlets 15 positioned adjacent the end of the
mouthpiece near the aerosol generation surface. The
resulting air flow is split into two components: one
directed at the aerosol generator (A) and the other for
20 creating an air cushion for protection of the internal
walls of the mouthpiece (B). The two components of the
airflow combine downstream from the aerosol generator
to form airflow C. Thereafter, the combined air flow
is forced over a three dimensional object 4.
25
Particle size may be tailored to a specific target when
using the porous media. Such porous media may include

PeCap® Polyester 7-200/44 and Nitex® Nylon 3-20/14.

30 The remainder of the figures illustrate the

improvements in different efficiencies for a drug



I mprovenents in different efficiencies for a drug WO 01/ 38002
PCT/ US00125146 - 13 delivery apparatus according to the. present :
invention. Specifically: Fig. 10 illustrates the filterin g%iciency 5
versus pXQMW24j aneter; Fig. 11 illustrates the perfB?Tng@g f the
exhaust nmenber utilizing a cylindrical nmesh as an inpacting object; Fig..
12 illustrates the effects of using & 180-cylindrical nesh wth and w thout
the inner shroud; Fig. 13 illustrates the effects of the inner shroud at
a particul ar glilgvaprgcappayati®adduordiagy @sokthgepresénnimmitdon. 15 Fig. 14
is a chart illustrating the efficiency versus particle size for the flow
control devi@?ec&S&SPagﬁg to the present invention. Qther variations and
nodi fications of this invention 20 will be apparent to those skilled in
this art after careful study of this application. This invention is not
to be linited excEpg-ad0sbllustrataes thee fidresing LIHIGISACY 25 WO 0158002
Egﬁ{?g?O/%§l46 1%er¥ﬁgﬁb$§%§gfgPg%%déiér%._An exhaust nenber for an airfl ow
. Fig. 11 illustrates the performance of the exhaust

member utilizing a cylindrical mesh as an

impacting object;

. Fig. 12 illustrates the effects of using a
10 cylindrical mesh with and without the inner
shroud;

Fig. 13 illustrates the effects of the inner
shroud at a particular distance away from the
aerosol generation surface.

15 - Fig. 14 is a chart illustrating the efficiency
versus particle size for the flow control device

according to the present invention.

Other variations and modifications of this invention
20 will be apparent to those skilled in this art after

careful study of this application. This invention is

not to be limited except as set forth in the following

claims.

25



apparatus, said apparatus including a aerosol generation surface and a
mat eri al di spensing nenber positioned adjacent thereto, said exhaust

menber conprising: a generally circular housing having a ' I1; a
first end VVOWIBned adj acent said aerosol generation sﬁ???@@ag?wgaid

airflow control apparatus; .an opening for exhausting a material entrained
airflow out of said exhaust nenber; a-plgrality of inlets in conmunication
with anbient air; and an inner shroud positioned adjacent said inner wall

est abl i shing aymep idarmteseas: said shroud including a central opening
adj acent to said aerosol, generation surface., 6 2, The exhaust nenber

according to clai maAn thmembey £RReRR sHEBHPRE FIE YN airfl ow creat ed

by applying a pres%%&éwm AFiAS appakdtepehduding Sidbrdgiaust nenber,
said airflow create rom anbient arr entering saléajnletq as a result of
sai d pressure drop.generphdicx isarfaceeandr aoaterial dispengin®, wherein

Girection for entr ARG Hnikicued aBialeRl AL, Bafl Mol
g "aerosoll ze arti ¢l és trom sald aerosol
generation | 11111 Irenbdn Idonpdilsinglzl| 11 111l * CL MS

a generally circular housing having an
inner wall;

a first end positioned adjacent said
aerosol generation surface of said airflow
control apparatus;

an opening for exhausting a material
entrained airflow out of said exhaust member;

a plurality of inlets in communication
with ambient air; and

‘an inner shroud positioned adjacent said
inner wall establishing a gap therebetween,
said shroud including a central opening

adjacent to said aerosol generation surface.

2. The exhaust member according to claim 1, wherein
said inner shroud splits an airflow created by
applying a pressure drop across said opening of
said exhaust member, said airflow created from
ambient air entering said inlets as a result of

said pressure drop.

3. The exhaust member according to claim 2, wherein
said split airflow comprises a first airflow
having a velocity and direction for entraining

aerosolized particles from said aerosol generation

-
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WD 01/38002 PCT/ US00/ 25146 15 surface and a second airflow having a
velocity and direction for creating a |layer of air between said first
airflow and said inner walls of said housing. 4. The exhaust nenber

accordi ngvaa13860ai m 3, wherein said airflows forma conkCTEeN0AS1dé | ow
downstream from said aerosol generation surface. 5. The exhaust nenber
according to claim4, further conprisijgg_a three-dinmensional object placed
within a path of said conbined airflow 6. The exhaust nenber according to

claimb5, wherein ' h -di ' | eql. [ t one of
o oyl ndri cal - shaparrack; B, £ SERHE U reRBP by E05TY ooy SR
hem spheri cal shagéreetpbantor cfegidngam ilayer| of kaiw batsteenasdia

cylindrical array,_ 7, The_exhausy nenber accordin oclaimb5, wherein
sai-d three-di mans%&ﬁﬁf‘ 6?3}'%]? W&ﬂf{)ﬁa&glgﬁeri Y’rﬁgﬁlg'#g q?e‘rﬁaspher e supported

wi thin said shrouHous$agd hem sphere having a convex side facing said
aerosol generation surface, wherein said first entrained airflow inpacts
upon said hem sphere prior to exiting through said opening. 8. The exhaust

nenber according iReCtahide ddiddicacceeRRALSLE Gl NUSHERIA Pl aced
within a path of said first entrained airflfow prior to said airflowi i i
1111 IN 11111, said airflows form a combined airflow downstream

from said aerosol generation surface.

5. The exhaust member according to claim 4, further
comprising a three-dimensional object placed

within a path of said combined airflow.

6. The exhaust member according to claim 5, wherein
said three-dimensional object comprises at least
one of a cylindrical shape, a circular shape, a
ellipsoidal shape, a hemispherical shape, a planer
shape, an interlocking mesh, and a cylindrical

array.

7. The exhaust member according to claim 5, wherein
said three-dimensional object comprises an
impacting hemisphere supported within said shroud,
said hemisphere having a convex side facing said
aerosol generation surface, wherein said first
entrained airflow impacts upon said hemisphere

prior to exiting through said opening.

8. The exhaust member according to claim 1, further
comprising a porous media placed within a path of

said first entrained airflow prior to said airflow

_—
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L a s WO 01/38002 PCT/USO0/ 25146 - 16 existing through said opening. 9.
The exhaust nmenber according to claim8, wherein said porous nedia
establishes a predetermned particle size based upon properties of said
porous neWODI38M2d properties including at | east one of BCTAURMASMSESs of
said nedia, a pore volune.of said mnedia, a pore si.ze of said nedia and a
hydr ophi | |'i ¢/ hydr ophobi ¢ bal ance of said {g¢dia. 10. The exhaust nenber
according to claim1, wherein said gap between said shroud and said inner
wal | is adjustabl eexkliifferR¥Oa4Sts gggﬁggeﬁa )rding to claim1, wherein
sai d di spensi ng nenber conprises a valve e exhaust nenber according
to claiml1, wherein said aerosolized generatlon surface conprises a
pi ezoel ectric rn. 0 sl i erlal
from an exhaus?Pnengé% o%hgﬁggir *gévco Iﬂgtﬁgfaggﬁ géaﬁﬁg
conprising the stepsadﬂ pdreuhamgdﬁ@ est&biisﬁesﬂh @reﬂbeermhned an aerosol
generation surface of g E airflaw qﬁntrol %ﬁ gerosol
generation surfaceP§5&tFi Snﬁﬂz‘égf%ﬁ:% tu%m'é £FI § 5?6 eBOEAWS of sai d
exhaust menber of sgiediagpP8aiadt PEopaeE 06D irvd A INY dtrrméaétabnéiafsaid

thickness of said media, a pore volume of said

media, a pore size of said media and a

hydrophillic/hydrophobic balance of said media.

10. The exhaust member according to claim 1, wherein
said gap between said shroud and said inner wall

is adjustable.

1l1. The exhaust member according to claim 1, wherein

said dispensing member comprises a valve.

12. The exhaust member according to claim 1, wherein
said aerosolized generation surface comprises a

piezoelectric horn.

13. A method for delivering an aerosolized material
from an exhaust member of an airflow control
apparatus, said method comprising the steps of:

discharging an amount of a material on
an aerosol generation surface of said airflow
control apparatus, said aerosol generation
surface positioned adjacent a substantially
closed end of said exhaust member of said
apparatus;

aerosolizing said material via said

[

A 0 L



111111 iiiii WO 01/38002 PCTIUSOO 25146 - 17 aerosol generation
surface; concurrently creating a first airflow for sweeping over said
aerosol generation surface to entrain said-aerosolized naterial and a
second aMaG9G#%r eati nga | ayer of air between said firRETVUSIORSMG,  and
wal I s of said exhaust nenber; and conbining said first and said second
airflows downstream from sai d aerosol- generating surface. 14. The net hod
according to claim 13, wherein said airflows are created by a pressure

drop applied across apepB88iNgeREraidi&uasakd exhaust nenber opposite
said substantially closed end. 15. The nethod according to claim 13,

further conprising the stefoBRfuEFerickY fressingcandiret atrf¥gww agai nst a
t hr ee- di nensi onal el enFBE" swée il'};n‘g SEhQd saceerdigy &&&é‘{:fﬁr}& wher ei n
said three-dinensional el enent cOnprises any one of “a cylindrical shape,
a circular shape, an ehrEpeei tialestrgiay saideperpbelized makgxialy pl aner
shape, an interl ocking sh, _and cyldndrical . .array, 1 The et hod
according to claim13, ag‘ér?h% co%%n%frll%ésll%ﬁ’gcfﬁgté- %fpgo a%%’?e% ianlgesai d
conbi ned between said first airflow and walls of said

exhaust member; and

éombining said first qnd said second
airflows downstream from-séid:aerosol

generating surface.

14. The method according to claim 13, wherein said
airflows are created by a pressure drop applied
across an opening on an end of said exhaust member

opposite said substantially closed end.

15. The method according to claim 13, further
comprising the step of directing-s?id combined

airflow against a three-dimensional element.

16. The method according to claim 15, wherein said
three~-dimensional element compriseé any one of a
cylindrical shape, a circular shape, an
ellipsoidal shape, a hemispherical'shape, a planer
shape, an interlocking mesh, and a cylindrical

array.

17. The method according to claim 13, further
comprising the step of directing said combined

airflow against a porous medium.

RN



airflow against a porous nmedium | 1" I [0 L L L 0" L0 L L0 L1 101" 11
l-1" 1 14 S WD 01/38002 PCTI USO0/ 25146 18 18. The nethod according to

claim17, i.n said porous nedia establishes a predet ' rticle
VSl ~ i

si ze base operties of said porous nedia, said proper ncl udi ng

at | east one of a thickness of said nedia, a pore volune of said nedia, a

pore size of said nedia and a hydrophi-l R8c~hydr ophobi ¢ bal ance of said

medi a. 19. The nethod according to claim13, wherein said aerosol

generating suri8ce Thepnettisd acqumiing ¢ot cleimolh, @lerdimw sasidhod

according to claim13 mherg%n sai d thgee-dinen ignal.ob'ect Gompri ses an
shes ég

| npacti ng henisphe?%f?ﬂﬁuﬁﬁ %ﬁj?ﬂﬁﬁ%lﬁ hPoBESBBEFTTEREY PRI sai d
exhaust menber, saishiferbagdtnpdingriopertiesnvexsaidepdbreusgnertiia} aer osol
generation surface, wherein said fourth airflow inpacts upon said

heni sphere prior t oSk (RTRPS&HGRyHnsddingpeti 4§28% 190 etdhod for

delivering a dose OfhfEkEsPH I7:8¢@ meBdLGaBeRbré PH1aMe S¥OaALSIq Menber of a
drug delivery device, said nethod conprising the steps of: discharging a

dose of a nedi caneredipaam RIS Sdzegefesatdonediafane af said drug
hydrophillic/hydrophobic balance of said media.

19. The method according to claim 13, wherein said
aerosol generating surface comprises a

piezoelectric horn.

20. The method according to claim 13, wherein said
three~-dimensional object comprises an impacting
hemisphere supported within a shroud positioned
within said exhaust member, said hemisphere having
a convex side facing said aerosol generation
surface, wherein said fourth airflow impacts upon
said hemisphere prior to exiting through said

opening.

21. A method for delivering a dose of an aerosoclized
medicament from an exhaust member of a drug
delivery device, said method comprising the steps
of:

discharging a dose of a medicament on an
aerosol generation surface of said drug
delivery device, said aerosol generation
surface positioned adjacent a substantially
closed end of said exhaust member of said

apparatus;

* c L M K *
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delivery device, said aerosol generation surface positi
substantially closed end of said exhaust nenber of said
1111111 12112171 liii 11121111 WO 01/ 38002 PCT/ US00/ 25146

sai d nmat wo@j3seoza sai d aerosol

first airflow for sweeping over said aerosol generation
entrain said aerosolized nedicanent,_ a second airfl
| ayer of air between said first airflowand walls of said exhaust nenber;
and combining said first and,

aer osol
mat eri al

generating surface. ggggkf%e’;’g?gsn%ﬁo?{g&%ﬁeg?ﬁg

from an exhaastrosshbgenefaiomisudfavegont r ol

appar at us i ncludi ng an aer osol enerEtin surf ace sa%d
iﬁ%% t

conpri sing: discharging neafiS"forrat

§ign @ SAb8

oned adj acent a
appar at us;
19 .::aerosolizing

generation surface concBCTUBAORH146r eat i ng: a

surface to
oW creating a

tésfg1fronlsaid

naerosol i zed
apparatus,: said

as¥§§gg;terial

aerosol i zing neans for feer ewekpZndover NBHIRT iadirosodi geflesatoéni Ng neans
di scharging said material adjacent to, said aerosclizin
generating means for surfage to entrain said ae;osollze

means; airfl ow

medicament, and a second airflow creating a

layer of air between said ﬁifst airflow and

walls of said exhaust member; and

'combining said first énd said second

airflows downstream from séid aerosol

generating surface.

22. A system for delivering an aerosolized material

from an exhaust member of an airflow control

apparatus;fsaid apparatus incluéing an aerosol

generating surface, said systemfcomprising:

‘discharging means for discharging an

amount of a material;

aerosolizing means for aerosolizing a

material, said diséharging means discharging .

said material adjacent to said aerosolizing

means;

airflow generating means for

concurrently creating a first airflow for

sweeping over said aerosolizing means to

entrain aerosolized material, and a

second

airfldw creating a layer of air between said

first airflow and walls of said exhaust

member; and

combining means for combining said first
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concurrently creating a first airflow for sweeping over said aerosolizing
nmeans to entrain aerosolized material, and a second airflow creating a

| ayer of ai en said first airflow and malls of Sa?@mﬁ#ﬁ@%ﬁ menber ;
and conbiﬁ%%ggﬁé ns for conbining said first 0 I B I &b
01/ 38002 PCT/ USOQ 25146 20 and-laid second alrfloms dbw stream from sai d
aerosol generating surface. LILIILTIL TFIROI=1L0L0L 1" LLILLIIDL * C14 S

anf ‘8aid second airflows dbwiistream from said

aerosol generating surface.
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