WO 01/ 36033 PCT/ USOQ 41722 - 1 TITLE |NTERNAL VORTEX 5 MECHANI SM FOR

| NHALER DEWEER1B3§83%| d of the Invention 10 The present inVEHUSW4ITZR ates to
nmet hods and apparatuses for delivering a dose of aerosolized nedication by
inhalation into the lungs of a patient, and nore particularly to an
internal vortex nechanismfor an inhaler device. 15 Background of the

| nvention Aerosols are increasingly being used for delivering nedication
into the lungs for therapeutic treatnent of the body. For exanple, in the
treatnment of asthma, inhalers are 20 commonly used for delivering
bronchodi | ators such as R2 agonists and anti-inflanmatory agents such as
WO 01/ 36033 PCT/ US00/ 41722 2 corticosteroids. Two types of inhalers are
in conmon use -- netered dose inhalers (MDls) and dry powder inhalers
(DPI's). In a conventional MD device, the nedication is provided by 5 the
pharmmaceutical manufacturer in a pressurized aerosol canister, with the
nmedi cation being suspended or dissolved in a liquid propellant such as a
chloro fluorocarbon (CFC) or hydrofl uoroal kane (HFA). The cani ster
includes a netering valve having a holl ow di scharge stem which can be 10
depressed inward into the canister to discharge a netered volune of
propel l ant-nmedication mxture in the formof an aerosol conprising fine
droplets of propellant in which particlegs_of the nedication are suspended
or dissol ved.

TITLE

INTERNAL VORTEX
5 MECHANISM FOR INHALER DEVICE

Field of the Invention

10 The present invention relates to methods and apparatuses for
delivering a dose of aerosolized medication by inhalation
into the lungs of a patient, and more particularly to an

internal vortex mechanism for an inhaler device.
15 Background of the Invention

Aerosols are increasingly being used for delivering

medication into the lungs for therapeutic treatment of the

body. For example, in the treatment of asthma, inhalers are
20 commonly used for delivering bronchodilators such as B,

agonists and anti-inflammatory agents such as



15 A conv Hbg MDI for use with such a canister inclpdfgseduipPUsi Ng
havi ng an actuator and nozzle. The canister is inserted Into the housing
with the holl ow di scharge stemof the canister being received in a bore in
the actuator. Depressing the closed end of the canister causes the stemto
20 be pushed inward into the canister sp that a nmetered vol une of

medi cation is discharged through the nozzle. The housing further defines a

flowpath in flui.d ¢ nication with the. v he f aving an
outl et at acr?ﬁﬁt"ﬁﬁfg%%%‘ldpsdrt h’)’ﬁ 1\(:I)%f’pe{kné) héﬁ§$%§§sat%hg?hé erhas%r osol i zed
medi cati on Zietempdbéosehialhadeast MDId) exidt dry hsowdeut hphaterpoDPIsn. The
patient either inserts the nouthpiece into the nmouth with the Iips closed
around t he nout hpi ece, or holds the nouthpiece at a slight distance away
from an opennmautBavediioradl MBDt déiete depeensdbcdti®ncani sie@rided Biyschar ge
the 30 nedi cation, and sinultaneously inhales. WO 01/36Q33 PCT/.1TS00/ 41722
3 whil® geddeaPRHrRRRIYIGRINBAYIEAHTES: 1BnS  PRSSSUELAGE MFCSPuf fer from a

nunber of  sigaiiEkeant v ateantages:idd 8eifg 0bheyEntdetinoeXxasddd1FelDl S is
poor delivery efficiency of the nmedication._It has been estimated that on

average, witit 5 éifaid RFametdanFYrhiBsue LS ddmerararhRr gdi%ati on dose

which is di spensadotiesRdN&kagan(BiLy. aahdakbhyis@acheas1bgs 4 ungs where it
can achieve the“intended result. A significant portion of the nedication

i mpacts and msttiezkBgt YRl davaRer 2 hp¥lave disrharge pverdgubicel camibe nakes

MD's | g§s 1Qifetp§t@ <Rt Rl rd Qhedeliy driiQ+8¥PES S M nIRdRCAl hd¥brelO I educe
t he anbunt of "nedication sticking to the inner surfacCes of the MD device,
Appl i cant s' wgiupganrgFopellant-medication mixture in the form of an

aerosol comprising fine droplets of propellant in which

particles of the medication are suspended or dissolved.

15 A conventional MDI for use with such a canister includes a
housing having an actuator and nozzle. The canister is
inserted into the housing with the hollow discharge stem of
the canister being received in a bore in the actuator.
Depressing the closed end of the canister causes the stem to

20 be pushed inward into the canister so that a metered volume
of medication is discharged through the nozzle. The housing
further defines a flowpath in fluid communication with the
nozzle, the flowpath having an outlet at a mouthpiece
portion of the housing, such that the aerosolized medication

25 may be inhaled after it exits the mouthpiece portion. The
patient either inserts the mouthpiece into the mouth with
the lips closed around the mouthpiece, or holds the
mouthpiece at a slight distance away from an open mouth.

The patient then depresses the canister to discharge the

30 medication, and simultaneously inhales.




application nos. 08/952,352, 09/326,538, 09/326,531, 15 disclose a series
of internalWQ#Mee33rounted on the inner surface of the NVEFT/H¥PMER2 near the
point of exit of the nedication into the MDI device. Qutside air is
directed over the vanes during nedication dispensing to create a
circunferential -swirling turbulent boundary | ayer along the 20 inner
surface of the MDI device to mnimze thg +npaction of nedication onto the
i nner surfaces. Although the vanes mnimze the inpaction of nedication,
they al so addWekble rmenes'eéﬂyambd:(fnpl Bany wppﬁich‘eimﬁ exibting MDIs
Accordingly, Lied bie on.to rovi de a net hod
and appa?a?usgﬁ%ﬁé%j F&é%lﬁ%mg aerog f@&nkné éiﬁqﬁ?gFﬁ whi%h t he

respirabl e fracshimm @ﬁthhexﬂﬁnﬁfgednldoﬁsé pooredeliviryl eFEhtOdndy dehe form of
is maximzed at the exit of the apgaratus

particles of the o mim si z

30 Ancit her oBF%é‘Eecg‘FaFﬁ8nrn\%‘%ﬁ‘iaﬁnb‘?%n &5 EpRBEe R thOPn BUCEARE . HPPAr at us
for deliveringxdtiagy apok| zedyRdotati®perBenbi 6h 42 Oﬂaééﬁgé’)é’aon dose

PCT/ US00/ 41722, , 4 inpaction and sticking of nedication on the inner walls
of the appar?i’PJd%h iiS FLAPFRSA. frop th SR FLeB) aTtuaddyt Reagheséle i nvention

is to providergiys Sk HeVE&HE abhtibve 1Glef @H@éﬁa@&tfe%hﬁw raing turbul ent
boundary | ayer of_ air along the inner surface of the MJ device in a cost

ef fecti ve andSkyHifiiCaphnpertiory ofukamedirathen |impastsoand hetisksvecand
other obl ectscl ddieri GHPRIAAN oB' EndGilreUe: DY, U3 "RAROL L 3@parat uses

of the invention that follow, in ow control techniques and devices
are usedlop” nelran Wpt.unal for delivering expensive medication.

To reduce the amount of medication sticking to the inner
surfaces of the MDI device, Applicants’ co-pending
application nos. 08/952,352, 09/326,538, 09/326,531,

15 disclose a series of internal vanes mounted on the inner
surface of the MDI device, near the point of exit of the
medication into the MDI device. Outside air is directed
over the vanes during medication dispensing to create a
circumferential-swirling turbulent boundary layer along the

20 inner surface of the MDI device to minimize the impaction of
medication onto the inner surfaces. Although the vanes
minimize the impaction of medication, they also add to the

cost and complexity of the MDI device.

25 Accordingly, it is an object of the present invention to
provide a method and apparatus for delivering an aerosolized
medication in which the respirable fraction of the metered
dose (i.e., the fraction in the form of particles of the
optimum size) is maximized at the exit of the apparatus.

30
Another object of the invention is to provide a method and

apparatus for delivering an aerosolized medication in which



15 to limt inpaction and sticking of medication to the ﬂﬂﬁﬁ, rfaces of
an MDI . d@@”ngnand also aid in: gm'xing anbi ent_air, mﬁf% t emﬁ%%iation and
hel p di sperse the plune of aerosolized nedication; 20 evaporating the
aerosol propellent of the nedication; directing the air/nedication

m xture to the nouthpiece for inhalation by a. patient; and 25 In one
enbodi ment of the invention, an aeros®l®fTow control apparatus includes a

housi ng havi ng an_open end .and_a _geney.al t ubul.ar condui ith.a wall
i ncl udi ng artTReGELC s‘?l‘?‘?é%é:c’kénﬁe‘agd%lef{l&ﬁké?gp%’hst}re &Pgﬁlés“téadﬂvﬁ {3 fin the
housing anddapbedates dispansaigedlose of aerosolized medication 30 into

the conduit, and a plurality of vortex generators fornmed wthin the wall
downstream fromthe mnedi cation dispenser. The vortex generators establish

a | di: WO 04d36Q33nPETSRID OF4LKe rezenti L avekieiaNisakoSpidvideg ahur bul ent
air flow along the inner surface upon an air flow being established
t hr oughSt he Medevife. with  giscHBfCaRd@lneWirbing fRTBHLER%t i nvention; an

aerosol fl 0 tys | anhes si v £V bt Re QU t

defi ned by ?&&%ﬁ&?ng?ﬁ%@gﬁi hggﬂ?éjgﬁ% an outer surface, an open end
adapted to bievigceeined ¢9R% affeckdyie Anst SAmBa@rMandfRF-a substantial ly cl osed
end renote fromthe open end. 10 The apparatus al so i ncludes a nedication
di spenser supported in the housing and adapted to di spense a dose of
aerosolized nedication into the conduit, a plurality of air inlets

10 Summary of the Invention

The above and other objects of the invention are achieved by

the method and apparatuses of the invention that follow, in

which flow control techniques and devices are used primarily
15 to limit impaction and sticking of medication to the inner

surfaces of an MDI device, and also aid in:

® mixing ambient air with the mediation and help
disperse the plume of aerosolized medication;
20 L evaporating the aerosol propellent of the
medication;
] directing the air/medication mixture to the

mouthpiece for inhalation by a patient; and

25 In one embodiment of the invention, an aerosol flow control
apparatus includes a housing having an open end and a
generally tubular conduit with a wall including an inner
surface, a medication dispenser disposed within the housing
and adapted to dispense a dose of aerosolized medication

30 into the conduit, and a plurality of vortex generators
formed within the wall downstream from the medication

dispenser. The vortex generators establish a




positioned on the outer surface of the conduit, and a plur énlp} of vortex
PoY b

gener at or s Wo83Bned within the wall of 15 the conduit

éﬁnof t he

medi cation di spenser. The vortex generators are in fluid communication
with the air inlets. An inspiratory effort exerted on the open end of the

conduit causes air to flow over the vortex generators to

establish a

circunferential -swirling turbul ent boundary 20 | ayer flow along the inner

surface of the conduit to reduce inpaction and stickin

{ 1CE, A g
t hereon. |n yeirESeReRtEpSUirbitg Jranbrdept adleh £1PHvalen

of medication
DribeatRBehod for

delivering a gdos@@f yBBAl £atdi@Nel by 352136 @SPAb iRV 2Pn £AH HheaBpas at us
havi ng a housing wth a conduit including an inner and an outer surface,
an open end aekpted to be inserted into the nouth of a user, a
substantially closed end renote fromthe open end, and a nedication

di spenser supported in the housing and adapted to di spense a dose of 30
aer osol i 3ed nEuwizetthen embasiiment cofichhie prébentnemitedtiomclardesrbhel st eps of

di schargi ng a.dose_q dication fro t he dication dispenser. to forma
pl unme of aer ofs:g 4 fgagﬁﬁmé%gguidﬁc&aﬁsﬁ%’Sl}l%ga%%q caaf:f’gﬁuwgt hin the
condui t, and éafineasbydarwalg theludlirgchar ghimeyr sindpan pswrerisugface, air fl ow
along the inner surface of the, caonduit b n inspiratory effort exerted on
the open end Bt W& Sﬁﬁoﬁ%p.teg‘hgo 3?‘? 1f“|‘58ﬁ/¥'5§iH&odghﬁm@%ﬂ?uéhuﬁe’bl urality
of air inletsaddragdbetaddiaioyt €losedlichdCeefdtd Feonotikblidpedieagent the
juncture between the conduit and the closed end of the housing and, over a

pluralit§ of TRE FERGRTRT ALEPsIPGIHEF Wi PREH IHEDWAE FPERRFINSEPRARTSH t he
nmedi cation di gpaheeho@dithaningdapdd®icd dispense a dose of aerosolized

medication into the conduit, a plurality of air

inlets

positioned on the outer surface of the conduit, and a

plurality of vortex generators positioned within the wall of

15 the conduit downstream of the medication dispenser. The

vortex generators are in fluid communication with the air

inlets. An inspiratory effort exerted on the open end of

the conduit causes air to flow over the vortex generators to

establish a circumferential-swirling turbulent boundary

290 layer flow along the inner surface of the conduit to reduce

impaction and sticking of medication thereon.

In yet another embodiment of the present invention, a method

for delivering a dose of medication in an aerosol flow

25 control apparatus having a housing with a conduit including

an inner and an outer surface, an open end adapted to be

inserted into the mouth of a user, a substantially closed

end remote from the open end, and a medication dispenser

supported in the housing and adapted to dispense a dose of

30 aerosolized medication into the conduit. The method

includes the steps of discharging a dose of medication from

the medication dispenser to form a plume of aerosolized



10 adj acent the inner surface of the conduit. A circu h@dy- SWirlin
t ur bul ent W88 ry layer flowis created al ong the inﬁgﬁﬁgﬂ??ggé of theg
conduit to reduce inpaction and adhesion of nedication thereon. 15 Stil
anot her enbodi nent of the present invention includes an aerosol flow
control apparatus having a housing including an open end and a generally
tubul ar conduit, where the conduit nél Tdes a wal | havi ng an i nner

surface, and a, lurality.of .air inlets in fluid_ c ni_catigon w th anbi ent
20 air out sPEEFHEColyEI ™ tﬁ?ecgﬁg'é?'%’t Lfg’% ie%%?tr?grsmg t‘:ir}gdi cation

t
afSo
di spenser agsseRUngifigspoegd prcviiding hen hausifigw abonqddet ddneo di spense a
dose of aerosolized nedication, into the conduit, d.a plurality of vortex
gener ators SPHEIs Gfedbfi ‘E‘Fﬁdr’lutthgywa?llrbsfpltrﬁ °53nﬁ€£?rtd(ﬁ%?§§:?8a?#of the 25
medi cat i on ghensiseendEas e idondugeneraierairn€lioweaseing idrash general |y
pyram d-1i ke portion having an apex and an _open base form ng an outl et

| ocat e® on tRECYGher PABFREEY Hfdaiy IRARHR LQEMEFRPT yE05 PRHeE- | i ke portion

havi ng an apgxetd ofaRnEPESNAARE abifabdil dHEOFUHBLGES i K¥twiehhtRe
corresponding air 30 inlet. The apexes of the pyram d shaped portions
overl ap to cémdwitamndpshe neleddo®PAgef | thel hoyFAhA; 324 i VP&t ween t he

pyram d-1ik d t HOEX AshRbaletaianchd haih!l:.. WO
01136033 Pé%%%ﬁ{ﬁ?&%ﬂ% E{az-li%r"ay:ignl et s cooper at elto establish a

ci rcunf er endowhstsmdam phgthe Uresiiicanioni dignenses) oAG BIELINAEEISEFf ace upon
an_ai | ow,abeldg. ¢gkabhichad ldabaugh L oRasend.a5 e of the unigue

f eat ures of e present Invention is the decreased cost of MD devices
usi ng the voiteumfpmestasdrswirling turbulent boundary layer flow is

created along the inner surface of the conduit to reduce

impaction and adhesion of medication thereon.

15 Still another embodiment of the present invention includes
an aerosol flow control apparatus having a housing including
an open end and a generally tubular conduit, where the
conduit includes a wall having an inner surface, and a
plurality of air inlets in fluid communication with ambient

20 air outside the conduit. The apparatus also includes a
medication dispenser assembly disposed within the housing
and adapted to dispense a dose of aerosolized medication
into the conduit, and a plurality of vortex generators
positioned within the wall of the conduit downstream of the

25 medication dispenser. Each vortex generator includes a
first generally pyramid-like portion having an apex and an
open base forming an outlet located on the inner surface and
a second generally pyramid-like portion having an apex and
an open base in fluid communication with a corresponding air

30 inlet. The apexes of the pyramid shaped portions overlap to
form an opening allowing fluid communication between the

pyramid-like portions, where the vortex generators and the




according to the present invention, as well as the sinplification of their
manuf act ur eWOIyB®BX i cal |y, the unique pyranm d shapes of PCRESMLITRX
generators are 10 inexpensive to produce and allow for easy
fabrication/nodification in plastic nolding. By nolding the vortex
generators-wthin the wall of the conduit, the cost of the extra materi al
when nol di ng vanes on the inner wall of 7the conduit is elimnated. In
addition, the complexity 15 of the nold for producing the conduit is
decreased al | Wnénl%impnuﬁmam @eséablistha mrdmbmaMswmw i on of

Lhe DI devi el A8 by ANJ ! SRl 5uBo 8056 ARRNT 261 U, bsi N0 20

plastic injection no uni que vor r
for easy pullbkongfeﬁtahimﬁhed thrqﬁgasthe opéﬂuasa and ot her objects and
advant ages of the present invention shall becone nore apparent fromthe
acconpanyi ng 25 drawi ngs and the description thereof. Brief Description of

the Draw higs 3@eToE Hec amigayi featlirewi 69SsheVpireBedt 6invee@k B & Qthel N and
constitute a part of this s ecification, illustrate various enbodinments of

the inventi on98fBeages EPRES %W tq‘?é”ij%?lé?s&ln9V\U‘917%@3‘39PEqﬂBG§/4l722 8

description okctbedinty @t 88 Sasdhtabavenaing,t BS Wetridsednedescri ption
gi ven bel ow, serve to explain the principles of the invention. 5 Fig. 1 is

a side, sectiSFEPLIFiSAtIPN RE HiaideRantariMIeon. SPeqificaAly s theper spect i ve
view of the r@asqW@ldyrahiihenafllHengndfydhiexVpbndeMisg gegording to the

present _invention, |IIustrat|n the auxiliary air inlets and a
1nexpen51ve to produce and allow for easy

fabrication/modification in plastic molding. By molding the
vortex generators within the wall of the conduit, the cost
of the extra material when molding vanes on the inner wall
of the conduit is eliminated. In addition, the complexity
15 of the mold for producing the conduit is decreased allowing
easier manufacture of the mold and easier production of the

MDI device.

The present invention results in easy manufacture using
20 plastic injection molding, where the unique vortex generator

design allows for easy pull for fabrication in plastic.

These and other objects and advantages of the present
invention shall become more apparent from the accompanying

25 drawings and the description thereof.
Brief Description of the Drawings
30 The accompanying drawings, which are incorporated in and

constitute a part of this specification, illustrate various

embodiments of the invention and, together with the general



10 portion of the vortex generators. Fig. 2B is an enl | of an
auxi | i ar yWa0¥3603 et for the MDI device according to tﬁ‘{a&%%eo(\s(lgg i nvention
illustrating one of the pyram d shaped portions for the 15 vortex X
generators. Fig. 3 is a perspective view of the front portion of the rear
wal | of the housing of the MDI device according to the present invention
20 Fig. 4A is a side, section view of Bhe rear wall of the housi ng of the

MDI device according to_the present inventio illustrating the |ocation of
the vor t ox SARHREORE Shc 1R Anvestion BiTah Shave; i U HRIALS i ow of "t he
vortex geneaé’é&ri@tiaﬁc?w&rngaetlawy hee Pree TRNexpNE SNt i priinkigléatdmg the
over | appi ng apexes of first and second pyramd shaped portions. 30 iii; WO
01136033 PCH*JSOYEBE¥PR- 9 Detail ed Description of the Drawings FIGS. 1-4B
depict an inhaler in accordance with the principles of the invention. The
i nhal er includes a housing 5 12 which has a receptacle portion 14
connected tBig doAguit side, Emestégprsieew 9t ShasPrRSqRN N¥EREH pr esent
invention. The inhaler apparatus of the present invention is usable wth
any standard pressurized canister having an internal netering valve with a
hol | ow di schig geastiemavwpexspaskivieview ddptbeseear rmakldlof ®heh respect to

the cani st efo bt bEOTRE ! MBIEE! LRIl £8"ehd llgehedi schar ge of
invention, illustrating the auxiliary air inlets and a

10 portion of the vortex generators.

Fig. 2B is an enlarged view of an auxiliary air inlet for
the MDI device according to the present invention
illustrating one of the pyramid shaped portions for the

15 vortex generators.

Fig. 3 is a perspective view of the front portion of the
rear wall of the housing of the MDI device according to the

present invention

20
Fig. 4A is a side, section view of the rear wall of the
housing of the MDI device according to the present invention
illustrating the location of the vortex generators outlets.
25 Fig. 4B is a side, sectional view of the vortex generators

according to the present invention, illustrating the
overlapping apexes of first and second pyramid shaped

portions.

30



prevented, to an operative position in which a netered volune of the

cani ster cowbensessd s di scharged through the hollow di schergseogaren 15 The
conduit 16 includes an open end 20 spaced fromthe receptacle portion 14,
and a cl osed end defined by an end wall 24 which is connected to the
receptacle portion 14. The end wall 24 preferably is generally conical or
20 hem spherical in shape, with an apex of_the end wall 24 formng the
portion of the end wall 24 farthest fromthe open end 20. The inhaler 10

al so i ncl udes pataepad VeechDpt i egethd Miwihgs25 connects to the open end
20 of the conduit 16. The nouthpiece 60 has a reduced di aneter portion 63
adapted to be inserted into the nouth of a user. The nout hpiece 60 also

i ncludes an akkcs UDE 434 dePB¥i Nh 3ARAUES Bln 3BcEP@LRE wiewnskd eam of and in
opposing relationship with the nozzle 30 discharge orifice 30, and an air

i nl et 38 | ocaPEén@®iPhiefe ol ot iigwestiome RhGt APRRE ipRbudes 3 MoEeing is in

fluid comunyga i Lh_t £ the ai 4, | 36033
PCT! Usoar 17 25e et WSF‘O""W %%r?%lgg%%%ep;’%tgﬁ? s?ge@%’ﬁ&? gai ﬁ%ian\géleang%ég ol une

of medi cati oAédi SBitacgedstenmms Foros ird earg0of THe poaseny Iehgicher
The act uat or Sog Ve BRceBibtloPaR Rikaeh SHARMLEE By kI8 sapted to
recei ve the hweithwny sthadzel siressofizde ceansserrhat@ngaan mteraail e
0 schar 9e o BRI LA IR GM AR LE SR hELE A wle 10721
10 depressed inwardly with respect to the canister body from an
inoperative position in which discharge of medication is
prevented, to an operative position in which a metered
volume of the canister contents is discharged through the
hollow discharge stem.
15
The conduit 16 includes an open end 20 spaced from the
receptacle portion 14, and a closed end defined by an end
wall 24 which is connected to the receptacle portion 14.
The end wall 24 preferably is generally conical or
20 hemispherical in shape, with an apex of the end wall 24

forming the portion of the end wall 24 farthest from the

open end 20.

The inhaler 10 also includes a separéte mouthpiece 60 which
25 connects to the open end 20 of the conduit 16. The
mouthpiece 60 has a reduced diameter portion 63 adapted to
be inserted into the mouth of a user. The mouthpiece 60
also includes an air tube 34, having an outlet 36 spaced
downstream of and in opposing relationship with the nozzle
30 discharge orifice 30, and an air inlet 38 located on the
outside of the mouthpiece. The air inlet 38 is in fluid

communication with the outlet 36 of the air tube 34,



10 Iocated at he apex of the end wall 24 and oriented E?nmﬂhégit an

aer osol neraIIy al ong the central | ongitudinal axis of the
condui t. The orifice 30 preferably has an internal diameter at the exit of.
| ess than about 0.025 inch, and nore preferably between about 0.005 15

i nch and about 0.019 inch. The housing 12 may be formed in three sections
as showmn in Fig. 1. Fbmever for ease of manufacturing, the housing 12

may alternatively be for ver. than.three sections. 20 For exanple,

the housi nPYH&HILE Y-S 8 tﬁl Pl P SHRINE 9 FSPTEQ%t?%n i ncl udi ng

the recept agddd cRehbh Odislcharged mbrh tl'%4,oraﬂdcémi).conduit 16, and a second
section including the nouthpiece 60. Alternatively, the housing 14 may be
formed in two split sections, split on a |ongitudinal plane through 25 the

condui t, wh@fe hbhelﬁ@omemrltaeg beénmagenar abtyaddr a9k nbpRoes of each
ot her and are joined together along the plane of symmetry. Nevert hel ess,

for il Pust ragseawlgutporarporisd BrvERA MGk YRAYI #ty t TPEeCERRFFNLNA shown

and descri g ,13028s6MB 5} 2%2ehitPHadd d BordUSs dhieH QGeRhast&d PY tion 14,
the end wall 24 and actuator ‘and nozzle assenbly 26, and_a generally

cyI | ndr i calrgasiveokhe heliovh diseharee Fiem of R dADigte36d88 PCrRAUS00/ 41722
- condujd, 48 aggca gfeorm@&sg 30 1121878 YGdurddattiohh@iti Whet ure 48.

The flrst section vantageously is integrally formed of one piece,
al t hough i tbarey 28al t Bhenecndazdey dbechargredriifieel 3¢ plse agvepbagemusdly are 5

subsegent | yod QAed.  DREUAIRL of SREUML $ATAI 28 &y Idiqlidles & Second

genera Yy cy I’I cal portion ose | nhner and outer | anmeters are | ess
t han t hose dlrect an aerosol plume generally along the central

longitudinal axis 32 of the conduit. The orifice 30
preferably has an internal diameter at the exit of less than
about 0.025 inch, and more preferably between about 0.005

15 inch and about 0.019 inch.

The housing 12 may be formed in three sections as shown in
Fig. 1. However, for eese of manufacturing, the housing 12
may alternatively be formed in fewer than three sections.

20 For example, the housing 12 may be formed in two sections, a
first section including the receptacle portion 14, end wall
24, and the conduit 16, and a second section including the
mouthpiece 60. Alternatively, the housing 14 may be formed
in two split sections, split on a longitudinal plane through

25 the conduit, where the two sections being generally mirror
images of each other and are joined together along the plane
of symmetry. Nevertheless, for illustration purposes, an

embodiment having three sections is shown and described.

30 A first section 70 includes the receptacle portion 14, the
end wall 24 and actuator and nozzle assembly 26, and a

generally cylindrical portion 62 which forms a part of the



of the first generally cylindrical section 70. The reduced 10 di aneter
al l ows the WOMA#3Eection to be received within the ope®CEN§UH™2he first
section at the juncture 48 Second section 72 preferably is integrally
fornmed in one piece, although it nay alternatively be fornmed in nultiple
pi eces which are subsequently joined. 15 Athird section 74 of the housing
12 includes the nouthpiece 60, which- 3dlgenerally cylindrical and receives
the other end (open end 20) of the second section 72, and al so includes
the air tube @dnduithléoardsiFordpnectad tonthe €8l Mlloddtakl the t he outer

surface of th eykLce and Ul | | t he i npi ngi ng
jet. At hough??’%guﬁgeéght ﬁ%vg%gg%n 'S l:BIEI ﬁ‘gtér,gzytag%aﬁég‘l\&ngﬁzs second section
wi th a di anmet extdgailyhfiorndthiofobne hrdecey sélti®figdedti mayand the third

section (nouthpiece). any .design_ that l o f.ar._the, connection of the
sections may %%efsng)d'?w‘?g% YOUS] nﬁé 1%1 g&\i/lléﬁ?fa%é)olt?scleﬁ %Isu orag'rr%d of a plastic
such as 5pol ysubsiemepelyeiiimed podethreapyl ene, pol yet hyl ene, ABS, 30

pol ycar bonat e, or polyacrylate. The housing 12 may be nanufactured by any
sui tabl e techni que such as injection nolding or blow nolding. WO 01/ 36033

PCT/ US00/ 41728 secohd sddeidmhal efhciflied! 80sédsildidRBeallyI@lliihdrofavor t ex
generators within the wall of the_conduit  adjacent the juncture between

the end wal | BRfFiPReBBFRIVITPSTaRRA ST ﬁ?%ﬁ%ﬁ%ﬂﬂ freohetheieidtivts
adj acent the #RGlelUErsEafdheay 0y t@X i6eReEM HedtlohUdes arHd kehuddd am d
shaped portion 56 having an_open base 58 formng an outlet on the inner
10 diameter allows the second section to be received within the
open end of the first section at the juncture 48. Second
section 72 preferably is integrally formed in one piece,
although it may alternatively be formed in multiple pieces
which are subsequently joined.

i5
A third section 74 of the housing 12 includes the mouthpiece

60, which is generally cylindrical and receives the other

end (open end 20) of the second section 72, and also

includes the air tube 34 with corresponding air inlet 36
20 located on the outer surface of the MDI device and the

outlet 38 which provides the impinging jet.

Although the present invention is illustrated having a
second section with a diameter less than that of the first
25 section and the third section (mouthpiece), any design that

allows for the connection of the sections may be used.

The housing 12 advantageously is formed of a plastic such as
polyamide, polyester, polypropylene, polyethylene, ABS,

30 polycarbonate, or polyacrylate. The housing 12 may be
manufactured by any suitable technique such as injection

melding or blow molding.



surface of the conduit/end wall, and having an apex whi ' ..o fluid
comuni cY9EPEth a correspondi ng auxiliary anbient g:&?m:sn“é 2946. The
auxiliary air inlets 46 may be 10 positioned on the outer surface of the
end wall 24, «circunferentially spaced therearound, and preferably |ocated"
adj acent the juncture 48. Preferably, the vortex generators also include a
second 15 pyrami d shape, substantiafl32sinilar to the first pyramd

shape, having an open base_in flyid co nication with the auxiliary air
inlets (or ?ﬂ? MG ehe Ldurtse M%Engi%T&jﬂ’f)ailtﬁ“h%f SEEEFE pyramid portion
i ncl udes angémera tdsC i eHen | aRs watlheofiptie @ontifiet fadfdcepyr @a&d porti on,
establishing fluid 20 communi cation and-creating overl appi ng portion 54

bet ween t he“}Aunf fefBeeRome erdhwaby rand Fhenspedu, o P8Feex generators

yield an aifrefd, 191 BAVERY dridiah1agdhfoent! thempananire.r ekath ve to the
25 conduit, establishing a C|rcunferen;yal-smnr[lg%i turbul ent boundary
| ayer &l ongvertex gengrasertinclydegupt firmti #YrBBLAchaPadapertpeR il ily
reduces theyli [aYe]als e} 1sC bR IGkSst | SPAGHd N d permanently
sti cki ng tohé% € Fﬁnggema ?%Pg% t he cdﬁgtlf% and g?so ai Sg?n m xing air 30
with the nesiicfadeowf sheporrdiitgendewabkocnd prvped |amtapeznwhich riscting t he
ai r/ medi cat | e . .bpi ec L / / USQQ 41722
13 Each py'}'r"rgklghgg%gm%ﬁﬁgu g?%gﬂs%d%rgtesgoéglg%ga}ggggﬁg e to the
bot t om sur f ameientsiang tnbepydtani Fhehaweslifagy ahe iwretsx 46gmagriee ors, the
apexe9o0f LB AUATLISRAL R | QIR shOBEtl Y U LAE A9 ee Sides to
creat € an eﬂlap § Shut-off) "

circumferentially spaced therearound, and preferably located

adjacent the juncture 48.

Preferably, the vortex generators also include a second
15 pyramid shape, substantially similar to the first pyramid
shape, having an open base in fluid communication with the
auxiliary air inlets (or forming the auxiliary air inlets).
The sécond pyramid portion includes an apex which overlaps
the apex of the first pyramid portion, establishing fluid
20 communication and creating.overlapping portion 54 between

the pyramid portions.

The pyramid shapes of the vortex generators yield an air
flow 61 having radial and axial components relative to the
25 conduit, establishing a circumferential-swirling, turbulent
- boundary layer along the inside of the conduit. This
boundary layer primarily reduces the likelihood of
medication particles impacting and permanently sticking to
the inner walls of the conduit, and also aids in mixing air
30 with the medication, evaporating the aerosol propellent, and

directing the air/medication mixture to the mouthpiece.



5 establishing an openi ng between the two pyram d shapes. The size of the
openi ng carwoersasd ed by increasing or decreasing the aB@?Z’U'é‘\?@HZép bet ween
the two pyram ds. The |I|arger the overlap, the larger the opening.
Utimately, the size of the opening determ nes the anount of air flow over
10 the vortex generators. Thus, controlling the overlap determnes the
anount of auxiliary air flowin the bodntmry |ayer around the inner
surface of the conduit. The .inhaler according to the present invention is
operated 15 &achobirmmd Ahager:.:falmdbscmlsatdel atex I degand anmie tonserts

the portion 6 th w .t he RS e [0 on 62,
and t hen begi et %o %%Isél,x%a%%t at)[{]silgﬁl £90 apyrcaﬁgé arpg‘em 'ltf%g % ‘{%u tEaeg:34 an d
est abl i shi ng gtelfteratdsmnftaeeapéneés Dl t:he rmgranniﬁbuhnmtfcmmedf toge’t&ibrf romthe

20 vortex generators 54 e air 0 are bli d d whil
cont i nui nggtoqnnﬁﬁ?e %@rﬁg(ﬁl SFng’é%a"teh\ga% 8¥ﬁf§ % ﬁi‘g %ﬁ@ghargg g

et er ed vol UM sehbIBeh GRY laanolaé}dingpbeﬂeééxarﬁhemt%ugsﬁémarrshaﬁeﬂozmhe
di scharge orifice 30. The air flowwng fromthe air tube 34 inpinges on the

plune 25 of addg8oPf 7t PEARLRT iSHT &%) YRHPd Y &RFISEHNNG 8 at the apex of

the end wall, &EQ&Q&@ tendOWBe AN 24 AROR SR FRE! cwdipyirlfiael ostle
propel |l ent. The air flow 61 generated by the vortex generators primarily

keeps the i nné-laraeﬁd‘iﬁq oRgriar, fihee 18FI¢RE diReatPBRLi MY t iUdtdBat®iY e theso

promoting m XigNge0hs 3d RBeAPA CRIdeRi NS N1 amBlRk ea&a&%aﬂw e
remai nder of the propellant not evaporated by the inpinging jet of air

from thE0air thebwoBex Pleaensrerscont naescqrryrphhan@ the Pverlame WO 01/ 36033

PCT/ USOQ/ 41720 s k4 Ehe! Bnblif) 0720261 1oy 26 HIG iy Rk obindiphdls ¢ he

layer around the inner surface of the conduit.

The inhaler according to the present invention is operated
1s as follows. A user first completely exhales and then
inserts the portion 62 into the mouth with the lips closed
around the portion 62, and then begins to inhale,
establishing air flow from the air tube 34 and establishing
the circumferential-swirling, turbulent air flow 61 from the
20 vortex generators 54. Once these air flows are established
and while continuing to inhale, the user depresses the
canister 18 to discharge a metered volume of medication and
propellant mixture from the nozzle discharge orifice 30.
The air flowing from the air tube 34 impinges on the plume
25 of aerosolized medication exiting the exit orifice at the
apex of the end wall, slowing it down and evaporating most
of the aerosol propellent. The air flow 61 generated by the
vortex generators primarily keeps the inner conduit walls
free of medication particles while also promoting mixing of
30 the medication with air and evaporating the remainder of the
propellant not evaporated by the impinging jet of air from

the air tube 34. The user continues to inhale to £ill the



for a pery time to allow the aerosolized nedicati tle within
the airwa §%8¥£Fhe lungs. 5 Wiile the present inventioﬁﬁﬂégm é@#

illustrated by a description of various enbodi nents and whil e these
enbodi nents have been described in considerable detail, it is not the
intention of the applicants to restrict or in any way limt the scope of
t he appended clains to such detail. 1014ddi ti onal advant ages and

nmodi fications wll Bgﬁpilx appear tg tgose Skilgid in the art. The ;
i nvention i nUPER 1 Jatfer Wit pod HReRramic Y| herde P PERR R peci fi ¢
details, repfesasdrlddyerappid adialabd B d%sodnbed | hdibidadt b eto €Xanpl es
shown and descrijbed. Accordingly, departures may 15 be made from such

details witABEELYSpHPERnGRE rBIREAYE 8pi e 1Wi9Sscope of applicant's general

i nventive concept. WO 01/36033 PCT/US00/ 41722 15 What is clained is: CL M
S 1. An aerosol flow control apparatus conprising: a. a housing including
an oper? endVhhite sthey@Fersnt yinvanhigr bafickeer HaddrAgratedMy a ncl udi ng an

i nner surfaggscPipid JiPEECRAL AudichBBASRENCH SRS GHli Ve tlidkesai d  housi ng and
adapted to di spense a dose of aerosolized nedication Into said conduit;

and c. a pl embedinendss havecbegremlessrabed posiqonsaderahle detaddi dital | and
a pl ur al 1 Ty orie e (AECRFR OF CherERaflcartd Kol PEL BN TR IR T and.
havi ng a pl wapl linitoftheusteps dfocheecdppendsl @laims to such detail.
10 Additional advantages and modifications will readily appear
to those skilled in the art. The invention in its broader
aspects is therefore not limited to the specific details,
representative apparatus and methods, and illustrative
examples shown and described. Accordingly, departures may
15 be made from such details without departing from the spirit

or scope of applicant's general inventive concept.




I nner surface, said vortex generators establishing a
circunferenwod@B®d rling turbulent air flow along said FEEESO&PRRace upon
an air flow being established through said open end. 2. The aerosol flow

control apparatus according to claim 1, wherein sai d—vertex—generatoers- are

substantially pyram d-shaped having an open base formng said outlet and
having an apex in fluid comunication with-said air r“ H lﬂﬂ"ﬂlmﬂﬁrosol
fTow control apparatus according to claim 1, wherei rnti¥se LLofl

gener at or conphrsess ac¥dimeid igenerally pyram d-1i ke portion ha@iﬁb an apex
and an open base form ng said outlet and a second generally pyramd-I|ike
portion having an apex and an open base in WD 0156033 PCT/ US00/ 41722 - 16
fluid conmmuni gat i am \wekbsal ciicwespatebIingppbratud etompriaimgapexes

overl apping to form an_openi al.l owinq fluid conmunicatipn between said
portions. 4. The aerosBt fl%aﬁ%ﬁﬁP?dFl aPat T GFUcFR . herein said
medi cation di spenser incl udgsneraplgsSsibulaedcosdiits hewingrd ataling

medi cati on, and said housing _.ingludes an actua%g{ and nozzl e assenbly
adapted to receive a hol | oA SEREr Yo SPEM T BH% cani ster, said

actuator and nozzl e asgenbly pavMkhagish MEpbRsél WilkpbE8d witHinCeatd Sposed to
di scharge aerosolized nmedication into sald conduit. 5. The aergsol flow
control apparatus of clai mbiousingt aed adaphpdi ke fysRRPER 2 14n5€ Sfpport ed

within said conduit aerosolized medication into said conduit; and

L

c. a plurality of vortex generators positioned
within said wall and downstream from said
medication dispenser, said vortex generators
having a plurality of inlets in fluid
communication with ambient outside air and
having a plurality of outlets located on said
inner surface, said vortex generators
establishing a circumferential-swirling
turbulent air flow along said inner surface
upon an air flow being established through

said open end.

2. The aerosol flow control apparatus according to claim
1, wherein said vortex generators are substantially
pyramid-shaped having an open base forming said outlet

and having an apex in fluid communication with said air

inlets.

3. The aerosol flow control apparatus according to claim
1, wherein each said vortex generator comprises a first
generally pyramid-like portion having an apex and an
open base forming said outlet and a second generally

pyramid-like portion having an apex and an open base in



and having an outlet arranged opposite said nozzle di i fice and
an inlet "?‘h‘"ﬁ“?ﬁ-"d comruni cgt i onppvm' th anbient air out s?%gm;s@?%%éondui t,
wherein an inspiratory effort exerted on the open end of said conduit
causes air to flowinto said air tube inlet and out of said air tube
outlet, said air tube being oriented so that air flow ng out of said air
tube outlet is directed so as to inpi‘rg€ on a plune of aerosolized

medi cati on discggr. d fronlthe.canL% er throu%h t he noz%kg gischarge
orifice. 6. The-AEroSSMPRAGH St POrRap par-Ra TP RE 8P oy B Eraim 1,

wher ei n sai d cosdlid tapexekudesr tappiigt st farnd yunCbpéaiing edsid owamgt e from said
open end, said.c]osed end ,incJudin% said plurality of air inlets.

| 1111111111111 15HAHCOPRRRE Fationcbetypen \§5ish POEBISRPCT/ USOT 41722 17 7.

An aerosol flow control apparatus, conprising: a. a housing conprising a
conduit defined by a wall including an inner and an outer surface, an
open end adbpt €Bhe FEFOSPASELPE FINESL t FRPAGANWSH Of chaim ey, ahgrgin

substantial ly clogetheq@Ber{SA0SHehQ8Y SAIL R8N aCPesur A Jiedi cation
di spenser supported in said hou3|ng_and adapted to di spense a dose of
8

aerosol i zed nMedfAHSIEA FABBALHING BGAUGREIOnH. aadpFatdlheysisig air inlets
positioned on sgiduqdedl gh SMdAGR AhaSAbSL1ORdYehh1fNdadbeed RbUral ity of
vortex generators positioned
receive a hollow discharge stem of said canister, said
actuator and nozzle assembly having a nozzle discharge
orifice disposed to discharge aerosolized medication

into said conduit.

5. The aerosol flow control apparatus of claim 1, further

comprising an air tube supported within said conduit
" and having an outlet arranged opposite said nozzle

discharge orifice and an inlet in fluid communication
with ambient air outside said conduit, wherein an
inspiratory effort exerted on the open end of said
conduit causes air to flow into said air tube inlet and
out of said air tube outlet, said air tube being
oriented so that air flowing ocut of said air tube
outlet is directed so as to impinge on a plume of
aerosolized medication discharged from the canister

through the nozzle discharge orifice.

6. The aerosol flow control apparatus according to claim
1, wherein said conduit includes a substantially closed
end remote from said open end, said closed end

including said plurality of air imnlets.

I




within said wall downstream of said nedication dispenser _and having a
plurality WOMW¥MiIkesponding outlets |ocated on said inn FTU84A%8, “sai d
vortex generators in fluid comunication with said air inlets, wherein an
inspiratory effort exerted on the open end of said conduit causes air to
flow over said vortex generators establishing a circunferential-swirling
turbul ent boundary |layer flow along tkelY¥nnher surface of said conduit to
reduce inpaction and sticking of medication thereon. 8. The aerosol flow
control appar &.us &ceerdsal tleow caphroly appasatisy CRFRTIBIRFVort ex gener at or
|s substantially pyragld-shaped:haviagAsi08en dansitoadk s dydaout | et
and having an apex in fluid comrunrcation wth a corresponding air inlet.
1i1i1j111111111111211111111 5aM0i0Ei8GD88 aRCThySO@Ml] 2R20uter] urdacghe
aerosol flow control apparatus _according taq.clai . in. e sai d
vortex generator conprises %Pfﬂﬂﬁgtgngé%%‘éng£§Q¥%&% ?¥?§%Q%§¥%?%% havi ng
an apex and an open base fmouthngfsaidsextanet a asubskaseiahlly giesed! | y

pyram d-1i ke portion having apex apd an ogen base .in fluid

communi cation with a corres &PWﬂtﬁjfgqqﬂ%SP °RER §°Spexes overl apping to
forman opening allow Bg fd WedicasTbmi dizipeasedaduppentedi ih parild ons. 10.
The aerosol flow control apparatus of %iain17t erein tﬁf ned%cation

di spenser conprises a pressifisi@g and adapted to dispense a dose O

aerosolized medication into said conduit;

c. a plurality of air inlets positioned on said
outer surface of said conduit; and

d. a plurality of vortex generators positioned
within said wall downstream of said
medication dispenser and having a plurality
of corresponding outlets located on said
inner surface, said vortex generators in
fluid communication with said air inlets,
wherein an inspiratory effort exerted on the
open end of said conduit causes air to flow
over said vortex generators establishing a
eircumferential-swirling turbulent boundary
layer flow along the inner surface of said
conduit to reduce impaction and sticking of

medication thereon.

8. The aerosol flow control apparatus according to claim
7, wherein each said vortex generator is substantially
pyramid-shaped having ah open base forming said outlet

and having an apex in fluid communication with a

I A

corresponding air inlet.



canister.&&oﬂgﬂkcation, an actuator and nozzle assenblxwﬂhﬂﬁhg l,ng a bore
n

: : 2
adapted to receive a hollow outlet stemof said canister, a a nozzle

di scharge orifice in fluid comrunication with said bore and arranged to
direct a plune of aerosolized nedication into said conduit. 11. The
aerosol flow control. apparatus accordjde?g to claim 7, further conprising
an air tube supported within the condtit and having an outl et arranged

opposite sajd z | scharge or.fi.ce_an n inlet . in flui . 7
conmuni cat i %h WIBE% 'J%leﬁ%ol(geoﬁl ng’g %%l{%%o&eggg?ga% Sncﬁ?f’f’,rdlﬂ\?\e?"ei‘ﬂ‘aéﬁ‘
inspiratory effoptwexsriredach saidl vwpeexegenexdftoraicomponshs ta gawses air to
flowinto said air tLii? I nl et quTout of sagd air tube outlet, said air
tube being ori SRRETALY PFAIANIETIFIGRORGIORNHHNG A aPFX (Mk @0ut I et i s
directed to i npbpge Bubel fRkiRg daiAEREObt ZaH dTediceAdi @éhdbaaqkar ged from
said canister through said nozzle discharge orifice. !'T111iJ 111111 11111
| 1 11 1111 L nP segks pertifgodyaringoan japex andTAR RDHEASE! LBw cont r ol

apparat us of cl aimd,coMr@netBtidderithosedorckdcnadagesdd | ihieani cal or
hem spherical in _shape with an apex formng a portion of sald cl osed end
farthest from s8f# ARGFEENQVEFLIRRIDLSAIEPFT ath PPRAEPE RLLXWi®Tair inlets

are positioned afl}A§SUmmtaRecat HAE iBE SRR YEED ﬁc&itqoﬁ{aQSed end and said
conduit. 13. The aerosol flow control apparatus of claim 12, wherein said

actuator and nozzl e assenbly includes a second
10. The aerosol flow control apparatus of claim 7, wherein

the medication dispenser comprises a pressurized
canister of medication, an actuator and nozzle assembly
including a bore adapted to receive a hollow outlet
stem of said canister, and a nozzle discharge orifice
in fluid communication with said bore and arranged to
direct a plume of aerosolized medication into said

conduit.

11. The aerosol flow control apparatus according to claim
7, further comprising an air tube supported within the
conduit and having an outlet arranged opposite said
nozzle discharge orifice and an inlet in fluid
communication with ambient air outside said conduit,
wherein an inspiratory effort exerted on said open end
of said conduit causes air to flow into said air tube
inlet and out of said air tube outlet, said air tube
being oriented so that air flowing out of said air tube
outlet is directed to impinge on a plume of aerosolized

medication discharged from said canister through said

nozzle discharge orifice. -

Y O A



nozzl e di scharge orifice in fluid comunication wth said bore, said two
nozzl e di sctwarogmeeoss i fi ces being spaced apart and ori ent ®ETASKAI722angl e t O
one another such that the plunes discharged fromsaid orifices inpinge on
one another within said conduit so as to pronote dispersion and m xi ng of
t he aerosolized nedication. 14. A nethod for delivering a dose of

medi cation in an aerosol flow control-apparatus conprising a housing
having a conduit including.an inner and an outer surface, an open end
adapted to beippnsenbederddal tFhew fontrdlofppanses, ofi Sldist ant ivheteircl osed

end renote from said en, end, ,and a | cati.on.di spenser .su teed in
sai d housing and & 8p?g 5% g sb%n%eél%ggg’éemd’flca&e?ﬁgﬁwg eﬁgg?olidﬁ on into
said conduit, sai@ngpéhetth eanppesifngnihg stripgieh: ofl. sdlicehased rpda dose

of nmedication fromsaid nedication dispenser tqQ forn1a,p|uns of
aerosol i zed nedi cARFERESH tHFOR §at¢ WSRAIENE ;°f $3ddpcortteadPlduring said

di scharging step, ,LRFoVA daig 8fraid1dikone@l g t38hda i icehtlddd 111111
[1i}1. 1 111:1111111 * C S WO 01/36033 PCTI'USOO 41722 - 20 surface of

said conduit by adupatpre Hesweene3Fisk clesed tadd GRAsERHE dis@dudhd of said
conduit, said air flow being drawn through a plurality of air inlets

formed on said outer
13. The aerosol flow control apparatus of claim 12, wherein

said actuator and nozzle assembly includes a second
nozzle discharge orifice in fluid communication with
said bore, said two nozzle discharge orifices being
spaced apart and oriented at an angle to one another
such that the plumes discharged from said orifices
impinge on one another within said conduit so as to
promote dispersion and mixing of the aerosolized

nedication.

14. A method for delivering a dose of medication in an
aerosol flow control apparatus comprising a housing
having a conduit including an inner and an outer
surface, an open end adapted to be inserted into the
mouth of a user, a substantially closed end remote from
said open end, and a medication dispenser supported in
said housing and adapted to dispense a dose of
aerosclized medication into said conduit, said method
comprising the steps of:

a. discharging a dose of medication from said
medication dispenser to form a plume of
aerosolized medication within said conduit;
and

b, at least during said discharging step,

providing an air flow along said inner

T R B




surface ofq% 3L:ondwt adj acent the juncture between s3ibosmpsiui t and

sai d closeg sai d housing and over a plurality of vortex generators
formed within sald wal | downstream of said nedication dispenser and having
outl ets adjacent said inner surface of said conduit, wherein a
circunferential -swirling turbulent_bgyndary layer flowis created along
said inner surface of said conduit to reduce inpaction and adhesi on of

medi cation thereon. 15.54%-28 880aifd gwmggg{rgy APRARL Kt r|S|ng a.
a housing including an open end and a generall tubular condui sai d

conduit having a wall |¢ﬁﬁqm&|ﬁgesﬁﬂdnqmesasér¢aﬁnaen§ °§|§$Eﬂlty of air
inlets in fluid connunlégﬂdugg m&;{hzgyg en r%hﬁ tﬂ&oéﬁy“§ﬁ cation

di spenser di sposed within sal ousi n éwadapt to dispense a dose of
aerosol i zed nedi cati on ipluradacy Qinﬂﬁn nplahﬂ fprmﬁdpbnrahld)ouﬂérvortex

generators positioned vgégyggesgk g¥§lcggg :gqggglghgo Vs g&;@n of said

medi cation di spenser, wherein each enerator tonprises a first
general |y pyram d-|i ke pthieen haid rtg:minlapend sm(ﬂ @iospénelxhsE forn ng an

outl St | 5R R 00, S8 0 4P IECH AR FAEAIRIeLE Lapdi 1111 111
generators formed within said wall downstream
of said medication dispehsef and having
outlets adjacent said inner surface of said
conduit, wherein a circumferential-swirling
turbulent boundary layver flow is created
along said inner surface of said conduit to
reduce impaction and adhesion of medication

thereon.

15. An aerosol flow control apparatus comprising:

a. a housing including an open end and a
generally tubular conduit, said conduit
having a wall including an inner surface, a
plurality of air inlets in £fluid
communication with ambient outsidé air;

b. a medication dispenser disposed within said
housing and adapted té dispense a dose of
aerosolized medication into said conduit; and

c. a.plurality of vortex génerators positioned
within said wall of said conduit downstream
of said medication dispenser, wherein each
said vortex generator comprises a first
generally pyfamid-like portion having an apex
and an open base forming an outlet located on

said inner surface and a second generally

N Y




21 pyramd-like portion having an apex and an open base in fluid
communi cat i W@ OM4EM3 a corresponding air inlet, said apex&TUSR4NZpping to
forman opening allowing fluid conmunication between said pyram d-Iike
portions, and wherein said vortex generators and said air inlets cooperate
to establish a circunferential-swirling turbulent air flow along said

i nner surface upon an air flow being-egflablished through said open end. |

114112111 11111111211 111111111212 CL !9 .
pyramid-like portion having an apex and an

open base in fluid communication with a
corresponding air inlet, said apexes
overlapping to form an opening allowing fluid
communication between said pyramid-like
portions, and wherein said vortex generators
and said air inlets cooperate to establish a
circumferential-swirling turbulent air flow
along said inner surface upon an air flow

being established through said open end.
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