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| NHALATI ON DEVI CE This invention relates to an inhal ation device by
means of which netered doses. of medi canment in the formof a powder
can be di speNO8#H23086 a user. | nhal ati on devi ces aPET/GB#sA3I4ti0 be
used for local admnistration of drugs to the respiratory tract and
| ungs of patients. One such device for use with blister packs in
whi ch the medicanment is held in powder formin the blisters thereof is
known as the DI SKHALER i nhal ati on device and is described in UK Patent No.
10 2178965. In use, a fresh blister istindexed to bring it into

registration with a use station and then punctured with a
puncturing nmenber in two distinct actions to
INHALATION DEVICE

This invention relates to an inhalation device by means of which metered doses of

medicament in the form of a powder can be dispensed to a user.

inhalation devices are known to be used for local administration of drugs to the
respiratory tract and lungs of patients. One such device for use with blister
packs in whi?:h the medicament is held in powder form in the blisters thereof is
known as the DISKHALER inhalation device and is described in UK Patent No.
10 2178965. In use, a fresh blister is indexed to bring it into registration with a use
station and then punctured with a puncturing member in two distinct actions to

enable the medicament to be inhaled therefrom.

Ancother inhalation device described in UK Patent No. 2242134 is for use with
15 peelable medicament packs defining containers for hoiding the medicament
and includes a means for peeling the medicament pack apart to open each
container in turn as they are brought into registration with a use station. This

device is somewhat complex and contains many components,

20 Medicament for administration by inhalation should be of a controlled particle
size in order to achieve maximum penetration in to the lungs, preferably in the
range of 1 to 10 micrometers in diameter and more preferably 1 to 5

micrometers. Unfortunately, powders in this particle size range, hereinafter



enabl e the nedi canent to be inhaled therefrom Anot her inhal ation
device described in UK Patent No. 2242134 is for use with 15 peel abl e
medi cament packs defining containers for holding the nmedi cament and
i ncl udes a wearas@er peeling the nmedi cament pack apart topppRiReERss}
container in turn as they are brought into registration with a use station.

Thi s device is sonewhat conplex and contains many conponents. 20
Medi canment for administration by inhalation should be of a controlled
particle size in order to achi eve nmaxi mum penetration in to the

| ungs, preferably in the range of 1 to 10 mcronmeters in dianeter
and nore preferably 1 to 5 m cronmeters. Unfortunately, powders in
this particle size range, hereinafter WO 97/ 25086

PCT/ GB96/ 031/gferred to as fine powders, for example micronised powders, usually have very
poor flow characteristics. due to the cohesive forces between the individual
particles which make them readily agglomerate together to form bridges which
are not readily broken apart to become free flowing. These characteristics

5 create handling and metering difficuities which adversely affect the accurate
dispensing of doses of the powder. However, co-pending PCT Patent
Application No. EP96.03274 describes how, by careful sizing of fine
aggiomerated powder, it is possible to make use of the cohesive forces between
the particles to create agglomerates of powder which are free flowing. These

10 agglomerates of powder can be easily handled and may be used to

conveniently fill devices.

However, for efficient delivery to the lungs, the powder agglomerates must be
broken down before they jeave such a device, back into a controlied size.

15
It has been found that it is possible fo break up powder agglomerates in the
sirflow as a user inhales by incorporating a series of baffles in the mouthpiece
of a powder inhalation device. EP 0 237 507 describes baffies which comprise
helical channel portions which give the airflow a rotating, helical pattem of

20 motion.



2 referred to as fine powders, for exanple mcroni sed powders,
usual l y have very poor flow characteristics due to the cohesive
forces between the individual particles which nake themreadily
aggl oner at e W@¥RSoRér t o form bri dges which ar e notPQTEGRI34br oken
apart to becone free flow ng. These characteristics 5 create handling
and netering difficulties which adversely affect the accurate

di spensi ng of doses of the powder. However, co-pending PCT Patent
Appl i cation No. EP96.03274 describes how, by careful sizing of fine

aggl onerated powder, it is possible to ngke use of the cohesive forces
bet ween the particles to create aggl onerates of powder which are

free flow ng.,,These 10, _agglonerate f ..powder .can, be .easi | ed and
may be used (PWEVEr, one disp ?%F“Hq%?é)ﬂgeﬁ%%g.amces descr:bedsﬁqoggw f or
efficient delivery to the |ungs, the powder fa gl onerates nust be

br oken down 587 dndhatibe halilescomprisea pumberRo %EW’Y%%’E&“’EW the favdess ze.

manufacturing process refatively complicated and expensive.

5 GB 2191718 relates to aerosol devices for dispensing nicotine. The nicotine
dispensing device has an impaction means designed to separate the spray
aliowing the smaller particles and vapour phase to flow around the baffie while

the larger particles are removed.

10 PCT/EPQ3/00582 also describes a device comprising baffles which are acting
as separators, but if the aerosol contains larger particles in the form of relatively
loose aggiomerates, these agglomerates are reduced in size if their velocity of

impact against the baffles is sufficiently high.

18 One disadvantage of the two sets of baffles described in GB 2191748 and
PCT/EP93/00582 is the high deposition of powder which can occur due to the
baffles extending from the walls of the device at 90° to the direction of airflow. This
may result in deposition of the larger agglomerates of powder occurring, which
agglomerates could become loose in subsequent inhalations and result in

20 variations in dosage.



15 It has been found that it is possible to break up powder

aggl opnerates in the airflow as a user inhales by incorporating a
series of baffles in the nouthpiece of a powder inhal ation device.
EP 0 237 50wWodesseés bes baffl es which conprise hel peplcredidniic!
portions which give the airflow a rotating, helical pattern of 20 -

not i on. WD 97/ 25086
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However, one di sadvantage associated with the baffles described in EP 0 237
507 in that the baffles conprise a nunbgr of conponents rendering the
devi ce manuf acturing process relatively conplicated and expensi ve.

It is an object of the invention to provide a device of the type just described which is
simple for a user to operate and which is not unduly complex in its assembly. Itis a
further object to provide a device which may be filled with powder agglomerates but

will deliver powder in a form suitable for administration by inhatation.

According to the present invention there is provided an inhalation device
comprising a housing, an outlet through which a user can inhale, a medicament
holder defining at least one pocket for containing a single dose of medicament
in the form of a powder, a closure member having at least one closure pad

10 resiliently urged into contact with the medicament holder to close the said at
least one pocket, means for moving the pocket into registration with the outlet
and means for fifting the closure pad away from the medicament holder to open
the pocket when the.pocket is brought into registration with the outlet.

15 Such a device is simple to operate requiring only one distinct action to enable
the medicament to be inhaled therefrom. The device may also comprise

relatively few components.

According to the invention there is also provided a powder inhalation device
20 comprising a housing containing a pharmacologically active compéund or
medicament, a conduit with an outlet extending into the housing through which a

user can inhale to create an airflow through the conduit, a dosing unit for



5 GB 2191718 rel ates to aerosol devices for dispensing nicotine. The

ni coti ne di spensi ng device has an inpaction nmeans designed to
separate the spray allowing the snmaller particles and vapour phase
to fl ow arouwoswrsesbaffl e while the | arger particl perT/apssasgsoved.
10 PCT/ EP93/ 00582 al so descri bes a device conprising baffles which are
acting as separators, but if the aerosol contains |arger particles
in the formof relatively | oose aggl onerates, these aggl onerates
are reduced in size if their velocity of i mpact agai nst the baffles
Is sufficiently high. 15 One di sadyantage of the two sets of baffles
described in GB 2191718 and PCT/"EP93/ 00582 .is the high deposition
of powder which can occur due to the baffl es extending fromthe

wal | s of the drlivedng gtdae]afithp componaddp the osduibrand; haffles,arranged within
may result in deposition of the |arger agglonerates of powder occurring,
whi ch thagagidoanduitde aid disintegration of powdet aggiomeratesantrainedinasaidns and
result in
airflow, characterised in that the baffles comprise a plurality of staggered plates
extending into the conduit from opposite sides of the conduit at an angle of less
5 than 80° to the sides of the conduit and are inclined towards the outlet to create
a plurality of constrictions within the conduit and a plurality of changes in the

direction of the said airflow through the conduit.

By use of this arrangement it is possible to provide baffles which are simple to
10 manufacture and provide low deposition of powder, and yet which give good
results in breaking agglomerates down into discrete constituent particies to

craate a powder of respirable size.

Preferably the device contains at least 2 plates and more preferably 4 plates.

15
Preferably the said plates are inclined at an angle less than 70° to the
longitudinal axis of the conduit in the direction of airflow and more preferably the

said plates are inclined at an angle in the range of 15° to 50°.

20 Suitably the penultimate baffle is shaped so that at some point along the plate it
divides into at least 2 faces, the first face of which continues to extend into the

conduit and a second face of which extends towards the outlet substantially
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It is an object of the invention to provide a device of the type just

descri bed W 6thshss sinple for a user to operate d‘%}is@i s not
unduly conplex 1nits assenbly. It is a further obj {ac %%)rovi de a

device which may be filled wth powder aggl onerates but w | |
deliver powder in a formsuitable for adm nistration by inhal ation.
According to the present invention there is provided an inhal ation device
conprising a housing, an outlet through.which a user can inhale, a

medi canent hol der defining at |least one pocket for containing a

si ngl e dose of nedi canent in the formof a powder, a closure nenber
havi ng at | pamllebteethe longitedinaldxis of the conduit. This enables the airflow to exit

parallel to the said axis defivering the powder directly to the user’s respiratory

tract and not into the cheek cavity of the user.

5 An embodiment of the invention is further described below with reference to the

accompanying drawings in which;

Figure 1 is a perspective view of an assembled device according to the
invention;

Figure 2 is an exploded perspective view of the device of Figure 1 showing the
10 main body components and primary pack;

Figure 3 is an exploded perspective view of the device showing each
component in disassembled form;

Figure 4 is a plan view partly in section showing air flow through a preferred
embodiment of the invention;

15 Figure § is a perspective view showing airflow through the device shown in
Figure 4; and '

Figure 6 is a cut away view showing the pocket closure pad held in the raised
position

20 The device shown in Figures 1 to 3 comprises a body 1 formed of a body base 2
and a body top 3, both of which may be moulded from a plastics material such
as acryl-butyl styrene (ABS). Body top 3 is formed with window 4 the purpose of
which is described below. The body 1 defines a main housing section adapted

to contain a primary pack comprising a dose ring 6 and closure means in the



10 resiliently urged into contact with the nedi canent hol der to close the
sai d .at | east one pocket, neans for noving the pocket into
registration with the outl et and neans for lifting the closure pad
away from t WOREERMGMENt hol der to open t he pocket PGREBO6IAEH pocket
IS brought into registration with the outlet. 15 Such a device is
sinple to operate requiring only one distinct action to enable t he
medi canment to be inhaled therefrom The device may al so conpri se

relatively few conmponents. According to the invention there is

al so provided a powder inhal ati on devicez 20 conprising a housing
containing a pharnacologically active conpound or nmedi canent, a

conduit with an outlet. e tp the i.hg .t hrqu e
user. can i nhatsémt a(ﬁpé%ﬁrét 'lgf"l"g’W E‘H‘Eﬁ%‘%y ﬁ‘g’qe%&mﬁhﬁ'ﬁlt f or
a user can inhale extending radially from the main housing section. As seen in

Figure 2, the mouthpiece section 8 of body base 2 is formed with a plurality of

baffles 9 which are explained below.

A medicament hoider in the form of a disk or dose ring 6 comprises an upper
surface formed with a plurality of cavities or pockets 10 for containing inhalable
powdered medicament to be dispensed from the device. Each pocket 10 is
surrounded by a raised lip (not shown). The dose ring shown is provided with
10 ten pockets 10 which might be suitable for containing ten days' supply of
medicament or sufficient medicament for a single course of treatment. It will be
understood that the dose rir;g might have more or fewer pockets depending on
the medicament to be contained. Suitable powdered medicaments are, for
example, for the treatment of asthma, and include salbutamol, beclomethasone,
15 salmeterol, fluticasone, formoterol, terbutaline, budesonide and flunisolide, and
physiologically acceptable salts, solvates and esters or ariy combination
thereof. . Preferred medicaments are salbutamol, salbutamol suiphate,
salmeterol, salmeferol xinafoate, fluticasone propionate, beclomethasone
dipropionate or soivates thereof and terbutaline sulphate. Other suitable
20 powdered medicaments include antiviral medicaments, for example zanamivir
{4-guanidino-Neu-5-Ac-2-en). It will be appreciated by those skilled in the art

that the powder medicament, may, if desired, be a combination of twoe or more
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PCT/ GB96/ 03141 delivering a dose of the conpound to the
conduit and baffles arranged within the said conduit to aid

di si nt egr awo®nneks powder aggl onerates entrained in said pergrososist 'l ow,
characterised in that the baffles conprise a plurality of staggered pl ates
extending into the conduit from opposite sides of the conduit at an angle
of | ess 5 than 90[err] to the sides of the conduit and are inclined
towards the outlet to create a plurality of constrictions within
the conduit and a plurality of changesg n the direction of the said
airflow through the conduit. y use of this arrangenent it is
possi ble to provide baffles which are sinple to 10 manuf act ure and
provi de | ovadivgdngredientsofA doseimay berepnstitutegifram the centeria @f one or moreesul t s

I n breaking aggl onerates down into discrete constituent particles to
create a poavitiesand thesizeaifleach cawity will depend on the dose to be delivered. it is

to be understood that the medicament powder may consist purely of one or
more active ingredients, or there may additionally be a carrier, for example

5 lactose powder.

The dose ring 6 may be adapted for filling with agglomerated powder in
accordance with the method and apparatus described in co-pending PCT Patent
Application No. EPS6.03274

10
The dose ring 6 has a stepped peripheral edge the purpose of which is
explained below, and a splined hole in the cenire for engagement with the
spider 7. The dose ring may alsc be moulded from a plastics material such as
ABS.

15

The spider 7 comprises a central ring shaped section 11 from which extend a
plurality of resitient radial arms 12, the number of which corresponds to the
number of packets 10 in the dose ring 6. Each radial arm 12 terminates in a
pocket ciosure pad 13. A plurality of short resilient hooked tabs 14 extend
20 axially from the central ring shaped §ection 11 and are adapted o form a snap-
fit with the dose ring 8 by engaging with the splined hole in the centre of the

dose ring 6. The spider 7 may be moulded from a plastics material such as



Preferably the device contains at least 2 plates and nore preferably 4

plates. 15 Preferably the said plates are inclined at an angle
| ess than 70[err] to the | ongi tudi nal axis of the conduit in the
di rection of wo972ses& and nore preferably the sai d [PCXIGRI6/BINdI
inclined at an angle in the range of 15[err] to 50. 20 Sui tably the

penultimate baffle is shaped so that at sone point along the plate it
divides into at least 2 faces, the first face of which continues to extend

into the conduit and a second face of which extends towards the
outl et substantially WO 97/ 25086
PCT/ GB96/ 03141 : 6

polycarbonate or any other engineering plastics which has the required
resiliency characteristics. When the spider 7 is assembled to the dose ring 6 to

form the dosing unit or primary pack, the hooked tabs 14 tightly engage the
splined hole in the dose ring 6 and each pocket closure pad 13 js resiliently

5 urged into contact with a respective raised lip on the upper surface of the dose
ring 6 by means of the resilient radial aﬁns 12 in such a position as to cover and

seal a respective pocket 10 to prevent loss of medicament from and ingression

of moisture into the pocket. The pocket closure pads may be moulded with a
smooth flat contact face which seals directly on the upper surface of the dose

10 ring 6 or raised lip 28 (Figure 6), or altemnatively may be provided with a soft
sealing material such as a thermoplastic elastomer, eg SANTOPRENE (Bayer),

formed on the contact face to improve the sealing characteristics. To
manufacture the spider 7 with a different sealing material on the pocket closure

pad the spider may be moulded with a channe! 15 formed in the upper face of

15 the central ring shaped section 11 and in each radial atm 12, and a small hole
{not shown) leading from the end of the channel 15 in each arm 12 through to

the underside of the pocket closure pads 13. The sealing material in a molten

state may then be made to flow round channel 15 and through the holes to the
underside of each of the pocket closure pads 13 to form an integral cushion seat

20 on each pad upon cooling.



parallel to the longitudinal axis of the conduit. This enables the airfl ow
to exit parallel to the said axis delivering the powder directly to
the users respiratory tract and not into the cheek cavity of the
user. Svo 9rfseseenbodi nent of the invention is further ﬁ@g@gmmbel ow
with reference to the acconpanyi ng draw ngs in which:

Figure 1 is a perspective view of an assenbl ed device according to the

i nventi on; Figure 2 is an expl oded perspective view of the device
of Figure 1 showi ng the 10 mai n body conponents and primary pack;
Figure 3 is an expl oded perspective vi ey!?:of t he devi ce show ng each
conponent in disassenbled form igure 4 is a plan view partly in
section showi ng air flow through a preferred enbodi ment of the

i nvention; The upperfagasofihe poekesslashee pads: 19 may have\d Remben 17 euothaf ough

t he device shown in Figure 4; and _Figure 6 is a cut away
vi ew showi ngnditatingomieans mm&d&daopadntea‘l thereont t9cgivaianeindication asgodiaw on

many doses of medicament remain in the device as is explained further below.

5 An edge of each pocket closure pad 13 is formed with a tab 16 adapted for
engagement with a ramp 20 {Figures 4 and 5) integrally formed with body top 3
to effect opening of the pocket as explained below.

The primary pack fits into the main housing section of the body 1 as shown in
10 Figures 2 and 3 such that axle 21 of body base 2 is located within the hole in
the primary pack and the stepped peripheral edge of the dose ring protrudes
through two cut away sections on opposite sides of the main housing section.
Pawl 24 on body base 2 engages with teeth {(not shown) on the underside of
dose ring 6 to create a ratchet mechanism which only allows movement of the

15 dose ring in one direction.

Pockets 10 may be filled with agglomerated powder as described in PCT patent
application no. PCT EPS86.03274. When so filled, for inhalation therapy it is
essential that the largest possible quantity of primary particles inhaled is in the
20 respirable range, that is smaller than § microns, In order to aid break-up of any
powder aggiomerates entrained in the air flow a series of baffles 9 are located

in the mouthpiece section 8. As will be explained later, the position of the baffies



20 The device shown in Figures 1 to 3 conprises a body 1 forned of a

body base 2 and a body top 3, both of which may be noul ded froma
plastics material such as acryl-butyl styrene (ABS). Body top 3 is
formed w th WOAHBe t he pur pose of whi ch is descr PERGBSA3HL. The
body 1 defines a main housing section adapted to contain a primary
pack conprising a dose ring 6 and closure neans in the WO

97/ 25086 PCT/ GB96/ 03141

7 formof a spider 7, and a nout hpi ece section 8 form ng an outl et
t hrough whi ch a user can inhale g¢xtending radially fromthe main
housi ng section. As seen in Figure 2. the nouthpi ece section 8 of

gggly aib ﬁzg g e: %{ﬁf i?nrp'gggn{vi'fhg baaffpelsuéa%l l:'>et %rr%];d in a single Pn%UJiriegs wﬁh \‘Wé ﬁgdy? 's6
affording consistent, controlled and repeatable tolerance. It will be understood

that the number and exact dimensions of baffles present will depend on the

powder being used and the strength of the forces holding the agglomerates

5 together. For example, it has been found that four baffles achieved the required

break up of powder agglomerates of zanamivir. It would be entirely straight

forward for a skilled person to experiment with the baffle dimensions to obtain

desired flow resistance for a pariicular powder.

10 Figures 4 and 5 show a preferred amrangement of baffles 9 comprising of a
plurality of staggered flat plates which extend into the conduit at angles of 30° to
the longitudinal axis of the conduit from opposite sides of the housing. Most of
the baffles extend beyond the longitudinal axis of the conduit with the final baffle
25 in the direction of airflow stopping short of the axis. The penuitimate baffie

15 26 in the direction of the airflow has an extended flat face 27 running paralle! to
the longitudinal axis of the conduit and extending towards the outiet. This
enables the airflow to exit paralie! to the said axis delivering the powder directly

to the user’s respiratory tract and not into the cheek cavity of the user.

20 A mouthpiece cover 22 is adapted to fit over the mouthpiece section 8 when the
device is not in use to prevent contamination of the mouthpiece by dust. The

mouthpiece cover has two pins 30 adapted to pass through two siots 23 into the



A nmedi canent holder in the formof a disk or dose ring 6 conprises an upper
surface forned with a plurality of cavities or pockets 10 for containing
i nhal abl e powder ed nedi canment to be di spensed fromthe device. Each

pocket 10 ivo97msoss Surrounded by a raised lip (not showsyrcréksfligse ring
shown is provided with 10 ten pockets 10 which m ght be suitable for

containing ten days' supply of medi canent or sufficient nmedi canent
for a single course of treatnent. It will be understood that the
dose ring m ght have nore or fewer pockets dependi ng on t he

medi canment to be contained. Suitable po%ered medi canents are, for
exanple, for the treatnment of asthma, a I ncl ude sal but anol ,

becl onet hasone, 15 sal neterol, fluticasone, fornoterol, terbutaline,
budesoni de amainfhousirgobedtion ehbody 1 eitherpsisiei afl thgi malthpieae csgetiah |8 tsal t s,
sol vates and esters or any conbi nation thereof. Preferred

nedi canent s epga eaﬂ:é)ute??aa pepiphbial edge osuﬂs@bawnn? and so jogRIthe prifrary
sal neterol xi na oat e

ti casone propionate, beclonethasone

di propi onat 16 BlevehEaccidia Mo ntﬁfé?etsradm é%ﬂﬂé‘s%?t%tié‘é suitable -

20 povvder medi caments 1 nclude antiviral carrent S or exanpl e

2N VI 10 cerkdh Wil i b 186 kit BB i Y

t hose skllle
S uniocking the primary pack. The user then indexes a pocket to bring it into

registration with the mouthpiece by holding the stepped peripheral edge of the
dose ring where it protrudes through the cut away sections of the main housing
section and rotating the dose ring 6 relative {o the body 1. The ratchet
mechanism described above allows rotation of the primary pack in one direction
10 only. As the primary pack rotates, tab 16 of the next pocket closure pad 13
engages ramp 20 and pocket closure pad 13 is lifted away from the upper
surface of the dose ring 6 as the tab rides over the ramp. As the pocket comes
into registration with the mouthpiece, the raised {ip 28 (Figure 6) surrounding
the pocket 10 engages with the sides of the exit channel 29 creating an
15 increased resistance to motion of the dose ring, so giving a clear indication to

the user that the dose ring is in position ready for delivery of medicament.

As the raised lip 28 surrounding the pocket 10 engages with the exit channel 29
the pocket closure pad 13 is in a raised position clear of the upper surface of
20 the dose ring 6 as shown in Figure 6. In this position, pocket closure pad 13 is
situated directly beneath window 4 in body top 3 such that the number 17 or

other dose indicating means mouided or printed on the upper face of the pocket



t hat the powder nedi canent, may, if desired, be a conbination of two or
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active ingrwdissnsme A dose may be constituted fromthe coRCEEBIcwsislone or

nor e cavities and the size of each cavity will depend on the dose

to be delivered. It is to be understood that the nedi canent powder
may consi st purely of one or nore active ingredients, or there my
additionally be a carrier, for exanple 5 | act ose powder. The

dose ring 6 may be adapted for filling ygth aggl onerated powder in
accordance with the nethod and apparatus described in co-pendi ng PCT Pat ent

Application é?%surE%%% P g?s?étearly visible through window 4. This allows the user to see

how many doses remain in the device.

The dose of medicament contained in pocket 10 is now ready for delivery. The
5 user inhales through mouthpisce 8. Air is drawn into the device via slots 23 and
directed over the open pocket 10 as seen in Figures 4 and 5. As the air flows
over pocket 10, medicament powder in the pocket is entrained in the turbulent

air flow, drawn through the mouthpiece section 8 and inhaled by the user.

10 As seen in Figure 5, baffles 8 are amranged to disrupt the smooth flow of air
through the mouthpiece to create additional turbulence, cause the air flow to |
change direction several times to cause any agglomerates of powder to collide
with the baffles, walls and other agglomerates, and constrict the air flow to
increase the fiow velocity. The air circulation produces eddy currents in the

15 back waters of the baffies creating further collisions to aid in the break up of the
powder agglomerates. This is shown. by the arrows representing air flow in
Figure 5. All of these effects promote the disintegration of powder agglomerates
entrained in the air flow to render the powder in a form suitable for inhalation
therapy. The extended flat face 27 running parallel to the longitudinal axis of the

20 conduit attached to the penultimate baffie in the direction of airflow enables the
airflow to exit paraliel to the said axis delivering the powder directly to the user's

respiratory tract and not into the cheek cavity of the user.



10 The dose ring 6 has a stepped peripheral edge the purpose of

which is expl ai ned below, and a splined hole in the centre for
engagenent with the spider 7. The dose ring may al so be noul ded
froma pl asyhossogd eri al such as ABS. 15 POPERSERAAGT 7

conprises a central ring shaped section 11 fromwhich extend a

plurality of resilient radial arnms 12, the nunber of which corresponds to

t he nunber of pockets 10 in the dose ring 6. Each radial arm 12
termnates in a pocket closure pad 13. A plurality of short
resilient hooked tabs 14 extend 20 axially fromthe central ring shaped
section 11 and are adapted to forma sﬁﬁb- fit wth the dose ring 6
by engaging with the splined hole in the centre of the dose ring 6.
The spider 7 may be noul ded froma plastics material such as

After inhalation the user replaces mouthpiece cover 22 to protect and lock the

device until the next dose is required to be delivered.

5 It will be understood that the present disclosure is for the purpose of illustration
only and the invention extends to modifications, variations and improvements

thereto.
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polycarbonate or any ot her englneerlng plastlcs whi ch has the required

resiliency cHMa®zRs08s i stics. r“l.”mm IﬂﬂMassen’ol edPEBHGBIW3LESe ring
6 to form the dosing uni t he hooked tabs 14
tightly engage the splined Holé& ifl the Hose ri ng 6 and each pocket

closure pad 13 is resiliently 5 urged into cont ac rfgee-t-use
raised |ip on the upper surface of the dose Eygﬁ"é AS BREM he
resilient radial arms 12 in such a posit{gpn as to cove EPLACED seal} a
respective pocket 10 to prevent |oss of medicanent from and I Ngr essTun
of noisture into the pocket The pocket closure pads may be noulded with a
smooth flat &da¥M&t face which seals directly on the upper surface of the
dosé 10 ring 6 or raised lip 28 (Figure 6), or alternatively may be
provided with a soft sealing material such as a thernoplastic

el astoner, eg SANTOPRENE ( Bayer), formed on the contact face to

i nprove the sieahn inhakitiohaieviceicsinpeising Bchousing, an outlet through which a user

y

can inhale, a medicament holder defining at least one pocket for containing a

5 single dose of medicament in the form of a powder, & closure member having at
least one closure pad resiliently urged into contact with the medicament holder
to close the said at least one pocket, means for moving the pocket into
registration with the outlet and means for lifting the closure pad away from the
medicament holder to open the pocket when the pocket is brought into

10 registration with the outlet.

2. A device as claimed in claim 1, wherein said medicament holder comprises a
disk which is rotatably mounted in the device with the at least one pocket
arranged on one face of the said disk.

15
3. A device as claimed in claims 1 or 2, wherein each said closure pad is
resiliently urged into contact with the medicament holder by means of a

respective resilient arm.

20 4. A device as claimed in claim 3 comprising a plurality of closure pads, wherein
the closure member comprises a.plurality of resilient arms connected togsther in

the form of a spider.. o
This Sheet Has Been R laced
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manuf acture the spider 7 with a different sealing material on the pocket
cl osure pad the spider may be with a channel 15 forned in

the upper face of 15 the central riffHISSHERY apill and in each
(nqﬁﬁﬂmgﬁ%@ | per/Gasysidie end of

radi al ar my@deyaMags @ snmall hol e

t he channel 15 in each arm 12 t hrough “=e e lnglersi de of the’
pocket closure pads 13. The sealing material in a nolten state may
then be nade to flow round channel 15 and through the holes to the

underS| de of each of the pocket closure pads 13 to forman integral cushion

E?:?‘} GB96/ 03 mlmemmlmcnm }*!!‘ cool i ng. 16 WO 97/ 25086 10
c

The upper faces*of ‘'t he po cl osure pads 13 may have a nunber 17 or other
i ndi cating nmeans noul ded or printed thereon to give an indication as to how

-

5. A device as claimed in claim 4, wherein said spider is made from

polycarbonate.

5 6. A device as claimed in any one of the preceding claims, wherein said closure

pad comprises a thermoplastic elastomer.

7. A device as claimed in any of claims 2 to 6, wherein the said disk protrudes
from the body of the device to provide means for moving the at least one pocket
10 into registration with the outlet.

8. A device as claimed in claim 7, wherein the said disk is provided with grips at

its periphery.

15 9. A device as claimed in any one of claims 7 or 8, further comprising a ratchet

mechanism to allow movement of the disk in only one direction

10. A device as claimed in any one of the preceding claims, wherein the pocket
closure pad is lifted away from the surface of the said disk by engagement with

20 aramp.
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many doses of nedicanment remain in the device as is explained further

bel ow. . 5 An edge of each pocket closure pad 13 is fornmed with a tab
16 adapted for engagenment with a ranp 20 (Figures 4 and 5)
integrally fowoweu2sesg h body top 3 t-e—of-f-act—0openi ngpef/chskmspacket
as expl ai ned bel ow. The rffﬂﬁr%"gidﬁﬁﬁ ‘ts into the main housihg
section of the body 1 as shown in §10 IEPLAGEDs 2 and 3-sueh-that_axle 21
of body base 2 is located within t nor e M “the primary pack and

t he stepped peripheral edge of the dose ring protrudes Dmm)m'“""lm

cut away sections on opposite sides of th? mai n housing s I”m
Pawl 24 on body base 2 engages with teeth Znot shown) on t he Under & dé of
dose ring 6 to create a ratchet mechani smwhich only allows novenent of the
15 dose ri nil- iAdevice as cleimedin.any one of the praselimgcidins fusthércdnigrisérd avi t h
aggl oner at ed powder as described in PCT patent application no. PCT
EP96. 03274. Wremosableirduthipiete coveriwticH, whentih piateyengages with the

medicament holder to prevent movement thereof.

5 12. A device as claimed in any one of the preceding claims, wherein the outlet
comprises a conduit in which are arranged a plurality of staggered plates
extending into the conduit from opposite sides of the conduit at an angle of less
than 90° to the sides of the conduit and which plates are inclined towards the
outlet to create a plurality of constrictions within the conduit and a plurality of

10 changes in the direction of the airfiow through the conduit.
13. Adevice as claimed in claim 12 comprising at least 2 plates.

14. A device as claimed in claim 13 comprising 4 plates.

15
15. A device as claimed in any of cléims 12 to 14, wherein the said plates are
inclined at an angle less than 70° to the longitudinal axis of the conduit in the

direction of airflow.

20 16. A device as claimed in claim 15, wherein the said plates are inclined at an

angte in the range of 15° to 50°.

This Sheet Has
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essential that the | argest possible quantity of primary particles inhaled
Is in the 20 respirable range, that is smaller than 5 mcrons. In order

to aid break-up of any powder agagl trained in the air
flow a seriwasempfsodgaf fles 9 are loc S SHEET HAS BEENG nousdmégssmgct i on 8.
As wi || be explained later, the pos |on;@pmbaffles WO

97/ 25086

PCT/ GB96/ 03141 B

are inportant. The baffles can be fornmed in a single nou

body, so af f ordi ng consi st ent ,18cont rolled and rgmﬁmmnm ”“I
tolerance. It will be understood t hat the nunbely

di rensi ons of baffles present will depend on the powder bei ng used

and t he str dig@dedice ae claimed in blaimlit6gwhereimtigl said piatessare Bclined aban her .
For exanple, it has been found that four baffles achieved the required
break up of znaielefi30ggl onerates of zanamvir. It would be entirely straight

18. A device as claimed in any of claims 12 to 17, wherein the penultimate

5 baffle is shaped so that at some point along the plate it divides into at least 2
faces, the first face of which continues to extend into the conduit and a second
face of which extends towards the outlet substantially paralie! to the longitudinal

axis of the conduit,

10 19. A device as claimed in any preteding claim, Wherein the said pockets are

filled with medicament.

20. A powder inhalation device comprising a housing containing a medicament,
a conduit with an outlet extending into the housing through which a user can

16 inhale to create an airflow through the conduit, a dosi_ng unit for delivering a
dose of the compound to the conduit and baffles arranged within the said
conduit to aid disintegration of powder agglomerates entrained in said airflow,
wherein the baffles comprise a plurality of staggered plates extending into the
conduit from opposite sides of the conduit at an angie of less than 90° to the

20 sides of the conduit and are inclined iowards the outiet to create a plurality of
constrictions within the conduit and a plurality of changes in the direction of the
said airflow through the conduit

This Sheet H.
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forward for a skilled person to experinent with the baffle dimensions to
obt ain desired flow resistance for a part I cul ar powder. 10
Figures 4 and 5 show a preferred arrgngessni—obi<h s 9 conprising of a
plurality ofweszzsgss ed flat plates iﬁﬂSéHEEﬂidiAihBEEN e CROWIGBYAAtIangl es
of 30[err] to t he | ongi t udi axREP{gﬁCE{;he comnduit from opposite
sides of the housing. Mst of - end beyond t he

| ongi tudi nal axis of the conduit with the flnal baffl e 25 in the
direction of airflow stopping short of the axis. The—penultinmate baffle 15

26 in the direction of the airflow has ag extended flat fa i ng
parallel to the | ongi tudinal axis of the ci mlém ngﬂﬁ ng

towards the outlet. This enabl es the airfl el to
the said axis delivering the powder directly to the user's
respiratory tract and not into the cheek cavity of the user. 20 A
nout hpi ece cover 22 is adapted to fit over the nouthpiece section 8 when

t he_ device is not in use to prevent contam nation of the nouthpiece
by dust. The21. A devicerasiclaiprastio oiaima?0, samprisiog pt leastplatest ed t o pass

t hrough two slots 23 into the

5 22. A device as claimed in claim 21, compriéing 4 plates.

23. A device as claimed in any one of claims 20 to 22 wherein the said plates
are inclined at an angle less than 70° to the longitudinal axis of the conduit in
the direction of airflow.

10
24. A davice as claimed in claim 23, wherein the said plates are inclined at an

angie in the range of 15° fo 50°.

25. A device as claimed in claim 24 wherein the said piates are inclined at an

15 angle of 30°.

26. A device as claimed in any one of claims 20 to 25, wherein the penultimate

baffle is shaped so that at some point along the plate it divides into at least 2

faces, the first face of which continues to extend into the conduit and a second
20 face of which extends towards the outlet substantially parallel to the iongitudinal

axis of the conduit.

m\\ m““ 1
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mai n housi ng,section of MH ” e of the nouthpiece sectl on 8 to

engage t he %’H&é@? peri ph’br &I dose ring and Sq’d’l%&g}g?e primry

pack to prevent accidental novenent t her eof when the device is ¥ use.

To operate the device the user first renoveg 22 thereby 5
Msesﬁez*rpms@seu

unl ocking the primary pack. The user then i bring it into
registration with the nouthpi ece by hol di ng{ the épmb per| jher al edge of

t he dose ring where it protrude?throu e syl sections of
the main housi ng section and ro gtlng t he dose ring 6 relative to
t he body 1. mechani sm descri bed above all ows rotation

of the pri rrar y pa%ggﬁsww 3Ry prigceding claim, wherein the medicament is
zanamivir,

il liiifﬁﬂi“ i M )




10 only. As the primary pack rotates, tab 16 of the next pocket closure
pad 13 engages ranp 20 and pocket closure pad 13 is lifted away
fromthe upper surface of the dose ring 6 as the tab rides over the
ranp. As the WwoekE8& ONES into registraton with thercmaesdsmasite, the
raised lip 28 (Figure 6) surrounding t he pocket 10 engages with the
sides of the exit channel 29 creating an 15 I ncreased resistance to
notion of the dose ring, so giving a clear indication to t he user
that the dose ring is in position ready fdy/@elivery of nedicanent.

As the raised lip 28 surroundi ng the pocket 10 engages with the exit

channel 29 the pocket closure pad 13 is in a raised position clear
of the upper surface of 20 the dose ring 6 as shown in Figure 6. In this
position, pocket closure pad 13 is situated directly beneath w ndow
4 in body top 3 such that the nunber 17 or ot her dose indicating
nmeans noul ded or printed on the upper face of the pocket WO

97/ 25086 /\
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13 closure pad 13 is clearly visible through window 4. This all ows
the user to see how many doses remain in the device.

The dose of nedi canent contained in pocket 10 is now ready for delivery.
The 5 U0 9725088l es t hr ough nout hpi ece 8. Air is drawn rQTVGBIsMR4Llevi ce

via slots 23 and di rected over the open pocket 10 as seen in
Figures 4 and 5. As the air flows over pocket 10, nedi canent
powder in the pocket is entrained in the tzaq;lent air flow, drawn
t hrough the nout hpi ece section 8 and i nhal y the user. 10 As seen

in Figure 5, baffles 9 are arranged to disrupt the smooth flow of air
t hrough the nout hpiece to create additional turbul ence, cause the air flow
to change direction se&s a._cause any aggl oner ates of

powder to collide and ot her aggl oner at es,
and constrict the 4i

SUBSTITUTE SHEET (RULE 26)



I ncrease the flow velocity. The air circul ation produces eddy currents in

the 15 back waters of the baffles creating further collisions to aid in
t he'break up of the powder aggl onerates. This is shown by the
arrows repre¥neyasegéair flow in Figure 5. Al of tIRCNGRISHAZIEL S
pronote the disintegration of powder aggl onerates entrained in‘the

air flowto render the powder in a formsuitable for inhalation

t herapy. The extended flat face 27 running Il1el to the |ongitudinal
axis of the 20 conduit attached to the ﬁghﬁltinate baffle in the
direction of airflow enables the airflowto exit parallel to the

said axis delivering the powder directly to er's respiratory
tract and not into the cheek cavity of t WD 97/ 25086
PCT/ GB96/ 03141 F|G4 3

b
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After inhalation the user replaces nout hpi ece cover 22 to protect and | ock

the | device until the next dose is required to be delivered. 5
It will be understood that the present disclosure is for the purpose of
i1 lustati on WO9725086n|l y and the invention extends to nodi fiPCaIGBIGE3141
vari ations and i nprovenents t hereto.

15 d ai ns 1. An inhal ation device conprising a housing,
an outlet through which a user can inhale, a nedicanent hol der
defining at |east one pocket for contai ni[ndﬁa 5 singl e dose of

medi canment in the formof a powder, a closure nenber having at
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| east one closure pad resiliently urged into contact with the nedi canent

hol der. to close the said at

| east one pocket neans for

novi ng t he
lifting the

pocﬁbt into

registration with the outlet and neans for

cl osure pad NRJ7IH¥m t he

medi cament hol der to openedhé€ndspsiget when

registration with the outlet,

wherein the

t he pocket into 10

I s brought

causes the

cl osure pad to be

rotation of the nedi canent hol der

2. A device as clainmed in

lifted away fromthe nedi canent hol der
claiml1, wherein said nedi canent hol der

rotatably nounted in the device with the at

arranged on one face of the said disk.

c hSES a

15

inclains 1 or 2, wherein each said closure pad is
urged into contact with the nedicanent hol der by neans of a.

20 4.

di sk which is

| east one pocket
3.

A devi ce as cl ai ned
resiliently

JA device as. Aained inclaim3

respective resilient arm
conprising a plurality of closure padg, wherein. f t he &l osure nmenber
conprises a plurality of resilitent connect kg ft oget her in
!
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the formof a spider. WD 97/ 25086

PCT/ GB96/ 03141 16
5. A'device as clained in claim4, wherein said spider is nade from
pol ycar bonatwo 9725086 6. A device as clained in any one BET/GR®/G34cedi ng

clainms, wherein said closure pad conprises a thernoplastic

el ast oner. 7. A device as clained in any of clains 2 to 6,
wherein the said disk protrudes ﬁii m t he body of the device to
provi de neans for noving 2 past o ocket 10 into registration

with the outlet.

FIG. 6
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" WO 97/25086 : : : : . PCT/GBY96/03141
evice as clainmed in claim7, wherein the said disk is provided wi th

g at : Its periphery. 15 9. A device as clainmed in any one
aims 7-or 8, further conprising a ratchet ~mechanismto allow
ment of the disk in only one direction 10. A device as

imed in any one of the preceding clains, wherein the
Jjeosure pad is lifted away fromthe sut¥ ace of the sai dlﬂmu(ﬂu“"”m’#"ﬂn
Bth 20 - a ranp. WD 97/ 25086 L T B gk
PCT/ GBQG/&%}%% 17

1. An inhalation device comprising a housing, an outlet through which a user
can inhale, a medicament holder defining at least one pocket for containing a

| 5 single dose of medicament in the form of a powder, a closure member having at
{east one closure pad resiliently urged into contact with the medicament holder
to close the said at least one pocket, means for m.oving the pockst into
registration with the outlet and means for lifting the closure pad away from the

medicament holder to open the pocket when'the pocket is brought into

10 registration with the outlet, wherein the rotation of the medicament holder causes the
' closure pad to be lifted away from the medicament holder.

2. A device as claimed in claim 1, wherein said medicament holder comprises a
disk which is rotatably mounted in the device with the at ieast one pocket

arranged on one face of the said disk.

15

-

3.:A device as claimed in claims 1 or 2, wherein each said closure pad is

resiliently urged into contact with the medicament holder by means of a

-respective resilient arm.

20 4. A device as claimed in claim 3 comprising a plurality of closure pads, wherein
the closure member comprises a plurality of resilient arms connected together in

the form of a spider..
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11. A device as clained in any one of the preceding clains, further-:
cQnpri si ngw® 9725086 r enovabl e nout hpi ece cover which, \/\herl’cmcmml
engages with the medi canment hol der to prevent novenent thereof.
5 12. A device as clainmed in any one of the precedi ng cl ains, wherein -
t he outl et conprises a conduit in which are arranged a- pI urality of
st aggered pl ates extending into the conduit from opposite sides of
the conduit at an angle of |ess gan 90 to th !ﬁ,ﬁlﬁllmm ndui t
and which plates are inclined towards th out um
plurality -of constrictions within the conduit and a pl ur af ity & s10*
changes in the direction of the airflow through the conduit. 13.
A device as clainmed in claim12 conprising at |east 2-plates. 14.

A device as sClaiaRdeiq &éxﬁ#éﬁ i‘%!ﬁ WidrBHh 4aid Fo%?is e frc 15. A

r I
S
devi ce as claine n any o 2 to 14, mh rern the sal pl ates are

polycarbonate.

5 6. A device as claimed in any one of the preceding claims, wherein said closure

pad comprises a thermoplastic elastomer.

7. A device as claimed in any of claims 2 to 6, wherein the said disk protrudes
' from the body of the device to provide means for moving the at least one pocket

10 into registration with the outlet.

8. A device as claimed in claim 7, wherein the said disk is provided with grips at

its periphery.

151 9. A device as claimed in any one of claims 7 or 8, further comprising a. ratchet

mechanism to allow movement of the disk in only one direction

10. A device as claimed in any one of the preceding claims, wherein the pocket
closure pad is lifted away from the surface of the said disk by engagement with

20 a ramp.
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ed at an angle less than 70 to the longitudinal axis _of the conduit.

fle WO 972508 rection of airflow 20 16. A devi cBCYSBGtfed in .
m 15, wherein the said plates are inclined at an angle’in the "..
ge of 15 to 50. WO 97/ 25086 —

/ GB96/ 03141

HE7. A device as clainmed in claim16, wherein the said p!ﬂlﬂ’umguﬂrﬂmﬂmp
t an : angl e of 30[err]. 17 18. A device : c wi Mg of

¥Fclaims 12 to 17, wherein the penultimate 5 baffle is shaped so that at
sone point along the plate it divides into at |east 2 faces, the
first facdloA deviashas claimadds apy coagtafiide PRREIING Cl@dRBHIthahermPLYEag Ad

removable mouthpiece cover which, when in place, engages with the

medicament hoider to prevent movement thereof.

5 12. A device as claimed in any one of the preceding claims, wherein the outlet
comprises a conduit in which are arranged a plurality of staggered plates
extending into the c_onduit from opposite sides of the conduit at an angle of less
than 90° to the sides of the conduit and which plates are inclined tow.ards the
outlet to c“reate a plurality of constrictions within the conduit and a plurality of

10 changes in the direction of the airflow through the conduit.
13. Adevice as claimed in claim 12 comprising at least 2 plates.

14. A device as claimed in claim 13 comprising 4 plates.
|

15 i
15. A device as claimed in any of cléims 12 to 14, wherein the said piates are
inclined at an angle less than 70° to the longitudinal axis of the conduit in the
direction of airfiow.

20 16. A device as claimed in claim 15, wherein the said plates are inclined at an

angle in the range of 15° to 50°.
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.

face of which extends towards the outlet substantially parallel to .the
t ongi t udi npb 9725086 axis of the conduit. 10 19. A dEGCTESIYE314 ai ne¥.
tn any preceding claim wherein the said pockets .are filled with
medi cament . .20. A powder inhal ation device cofprising~a housing

cont ai ni ng a nedi canent, a conduit with an outl ' | nto
t he housi ng through which a user can 15 I nhale to crﬁmmm m
"through the conduit, a dosing unit for qgliveri ng a + ¢ S

compound to the conduit and baffles arranged within the said

conduit to aid disintegration of powder agglonerates entrained in said
airflow, 17. A devideeasichaitnbd ibafdiinets, oumgreirs theasgitl (rates tafe dnclineshalerr d
pl ates extending into'the conduit from opposite sides of the

condui t at ﬁﬁ?,gqgl;@opf | ess than 90 to the 20 sides of the conduit and
are inclined Towards the outlet to create a plurality of

constrictions within the conduit and a plurality of changes in the
direction of the said airflow through the conduit.

18. A device as claimed in any of claims 12 to 17, wherein the penultimate

5 baffle is shaped so that at some point along the plate it divides into at least 2
faces, the first face of which continues to extend into the conduit and a second
face of which extends towards the outlet substantially parallel_ to the longitudinal

axis of the conduit.

10 19. A device "as claimed in any preteding claim, Wherein the said pockets are

filled with medicament.

20. A powder inhalation device comprising a housing <ontaining a medicament,
a conddit with an oﬁtlet extending into the housing through which a user can

16  _ inhale to create an airflow through the conduit, a dosir}.g unit for delivering a
dose of the coﬁﬁound to the conduit and baffles arranged with.in the said
conduit to aid disintegration of powder agglomerates entrained in said airflow,
wherein the baffles comprise a plurality of staggered plates extending into the
conduit from opposite sides of the conduit at an angle of less than 90° to the

20_ sides of the conduit and are inclined towards the outlet to create a plurality of

constrictions within the conduit and a plurality of chanqes in the direction of the

said airflow through the conduit,
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¥A device as clained in claim?20, conprising at |east 2 plates. 5
A device as clainmed in c¢laim21l, conprising 4 plates. 23. A
ice as clained in any one of clainms 20 to 22 whereinthe said plates.

e inclined at an angle less than 70[err] to the Ionglm |naI axis of th

,;gfcondw t in the direction of ajgflow g l'ﬁlm”m”mﬂs

¥claimed in claim 23, wherein the said plates are |ncI|

21. A device as claimed in claim 20, comprising at least 2 plates.
5 22. A device as claimed in claim 21, compriéing 4 plates.

23. A device as claimed in any one of claims 20 to 22 wherein the said plates
are inclined at an angle !t;ss than 70° to the longitudinal axis of the conduit in
the direction of airflow. ' :
10

24. A device as claimed in claim 23, wherein the said plates are inclined at an

angle in the range of 15° to 50°.

25, A device as claimed in claim 24 wherein the said plates are inclined at an

!

16 angie of 30°. {

26. A device as claimed in any one of claims 20 to 25, wherein the penultimate
baffle is shaped so that at some point along the plate it divides into at least 2
faces, the first face of which c_ontinues to extend into the conduit and a second
20 face of which extends towards the outlet substantially parailel to the longitudinat
axis of thé conduit.
REPLACEMENT SHEET
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angl & 1 Nionapkgnoe of alertl to 50[err]. 25. APERGBUENE ¢l ai%
in clai MV2P&in the said plates are inclined at an 15 angle of

30[err]. 26. A device as clained in any one-of—¢l ai ms—iﬁ—t‘o 25,
wherein the penultinmate baffl e i s shaped so that at so -
along the plate it divides into at |east 2 ﬂmﬁ face of &}
whi ch continues to extend into the conduit and a s

whi ch extends towards the outlet subst&Rtiall y par al Tel | ongi tudl nal

axi s of the conduit. WD 97/ 25086

PCT/ GBo! 0’5’711,1ﬁldevice as claimed in any preceding claim, whe26in the medicament is

zanamivir.

_1
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27. A de\/i ce as claimed in any preceding claim wherein thg BediRgen0i<S
zananmivir.

-
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(57) Abstract

A powder inhahtjon device comprising a housing contsining a pharmacologically active compound, a conduit (8) with an cutlet
exiending into the housing through which a user can inhale to creats an airflow- through the conduit, & dosing unit (6, 7) for delivering a
dose of the compound 10 the conduil and baffles (9) arranged within the said conduit to aid disintegration of powder agglomerates entrained
in said airffow, The baffles (9) comprise a plurality of staggered piates extending into the conduit from opposite sides of the conduit at an
angle of less than 90° to the sides of the conduit and are inclined towards the outlet to create a plurality of constrictions within the conduit
and a plurality of changes in the direction of the said airflow through the conduit,




