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(57) Abrégée/Abstract:
The invention relates to a device (1) for inhalation of at least one air stream carrying a dose of medicament powder (2). The device
comprises a flow passage (4) passing a powder-containing cavity (5). A part of said flow passage (4) propagates along a flat
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(57) Abrege(suite)/Abstract(continued):

surface region (7). The flat surface region (/) comprises a cavity opening (20) into said powder- containing cavity (5). The passing
of an air stream along said flat surface region (/) and outside said cavity (5) generates an eddy In the cavity (5) and the generated
eddy contributes to deaggregation of the powder (2) In said cavity (5) and emptying of the powder (2) from said cavity (5).

Furthermore, the invention relates to the use of a shear driven cavity principle on such a device (1) and a method of releasing
medicament powder (2).
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oty (37) Abstract: The invention relates to a device (1) for inhalation of at least one air stream carrying a dose of medicament powder

& (2). The device comprises a flow passage (4) passing a powder-containing cavity (5). A part of said flow passage (4) propagates
a along a flat surface region (7). The flat surface region (7) comprises a cavity opening (20) into said powder- containing cavity (5).
== The passing of an air stream along said flat surface region (7) and outside said cavity (5) generates an eddy in the cavity (5) and the
& generated eddy contributes to deaggregation of the powder (2) in said cavity (5) and emptying of the powder (2) from said cavity
a\ (5). Furthermore, the invention relates to the use of a shear driven cavity principle on such a device (1) and a method of releasing
o medicament powder (2).
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DEVICE AND METHOD FOR DEAGGREGATING POWDER 854

Field of the invention

The mvention relates to a device for enabling deaggregation during dispensing of at least
ong air stream carrying a dose of medicament powder, the device comprising a flow
passage passing a powder-containing cavity. Furthermore, the invention relates to a

method of deaggregating medicament powder.

Background of the invention

There are many devices for administering powdered medicaments to the lungs, which
employ propellants, such as compressed gases, €.g. air, or liquefied gas propellants, to

dispense and disperse the medicament.

There are also a number of known breath actuated inhalation devices for administering
powdered medicaments to the lungs, which have mouthpieces through which the
medicament 1s inhaled. British Patent Specification Nos. 1 521 000, 1 520 062, 1 472 650
and 1 502 150 disclose more complex devices in which a complete capsule 1s inserted 1nto
the device thus ensuring no spillage of medicament prior to inhalation, and access to the
medicament 1s gained by piercing the capsule or cutting 1t 1n half, inside the dispensing
device. On 1nhalation the air flows 1nto or through the capsule and the powder within 1s

released into the air stream and flows towards the mouth.

U.S. Patent Specification No. 4 210 140 discloses a device in which access to the
powdered medicament 1s gained by pulling the halves of the capsule apart so that the
medicament 1s emptied to a suitable position for entrainment 1n the airflow caused by

inhalation.

US Patent No. 6,655,381B2 relates to a pre-metered dose assembly for consistently
supplying precise doses of medicament for a breath-actuated dry powder inhaler. The
assembly 1ncludes a cap defining a dry powder delivery passageway for providing air to a

dry powder supply port of a swirl chamber of a breath-actuated dry powder inhaler, and a
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magazine including a plurality of reservoirs for holding pre-metered doses of dry powder.
One of the magazine and the cap 1s movable with respect to the other of the magazine and
the cap for sequentially positioning the reservoirs within the delivery passageway of the
cap. A breath-induced low pressure at an outlet port of the inhaler causes an air flow
through the dry powder delivery passageway of the assembly and into the dry powder
supply port that entrains dry powder from the reservoir positioned in the passageway for
inhalation by a patient using the inhaler. The passageway 1s provided with a venturi in the
passageway by the reservoir to create a flow through the reservoir and bring the powder

there from.

In spite of the numerous prior art devices there 1s a need for a device, which 1s simple to
operate, and efficient in administering powdered medicaments into the alveolar region of
the lungs. Hence, 1t 1s a further object of the present invention to enable the medicament
powder to be deaggregated before being administered by the device. In addition to the
above mentioned methods of enabling deaggregation 1n the prior art, there exist various
ways of enabling deaggregation by vibrating, shaking or providing alternative obstacles in
the flow passage etc. It 1s common to strive for a deaggregation that makes a significant
amount of the powder particles to be 1n accordance with a desired size and weight. This 1s
often referred to as a classifying of the powder particles. These prior art deaggregation
devices may result in contamination of the downstream flow passage since medicament
powder may accumulate in the downstream region of the device e.g. by certain alternative
obstacles. It 1s of course desirable to reduce or avoid the risk of administering an inaccurate

amount of medicament powder.

Summary of the invention

The above-mentioned object 1s achieved by providing a device of the kind defined 1n the
preamble of claim 1, characterized in that a part of said flow passage propagates along a
flat surface region, said flat surface region comprising an opening into said powder-

containing cavity and that the passing of an air stream along said flat surface region and

outside said cavity generates an eddy in the cavity and the generated eddy contributes to
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deaggregation of the powder 1n said cavity and emptying of the powder from said cavity.
The flow passage 1s arranged to enable guiding of the air stream passing the opening of the
cavity on the outside of the cavity opening thereof.

It 1s found that the build up of an eddy 1n the cavity will allow for deaggregation.
Advantageously, the device 1s an inhaler. It may be suitable for single as well as multidose

type mhalers.

Advantageously, the cavity 1s brick-shaped and the cavity opening has a rim where the
sides of the cavity transcend (change) into the flow passage flat surface region. Thus, the
flat surface region may continue both upstream and downstream of the cavity opening.
Accordingly, the air stream, when passing the cavity in the flow passage, may flow 1n
parallel with a plane coinciding with the rim of the cavity opening in the flow passage.
This 1s what creates a shear driven cavity flow 1n the device. More 1n detail, the flow
passage 1s arranged so that the flow 1s directed 1n parallel with the plane coinciding with
the rim of the cavity opening in the flow passage where the cavity 1s located. The sides of

the cavity may transcend perpendicularly in the flat surface region.

Since the eddy 1s developing efficiently when 1t describes a cylindrical movement pattern 1t
1s advantageous that the cavity/cavities in question 1s/are shaped to allow a cylindrical
wind flow pattern within the cavity. It 1s acknowledged that a cavity i1s a space 1n a
structure with one opening to the surrounding environment. More in particular, the cavity
may have a length in the flow direction (F) of the flow passage which 1s 1n the range of
65% to 135% of the cavity depth, such as in the range of 85% to 115% of the cavity depth,
for instance 1n the range of 95% to 105% of the cavity depth. Hence, suitably, the cavity

depth does not exceed the value of the length 1n the flow direction in terms of dimension.

Suitably, at least one cavity side, when taken 1n a cross section of the cavity as seen from
above when the device 1s 1in the normal use condition and the opening of the cavity 1s
facing upwards, has a width of the cavity which 1s 1n the range of 35% to 135% of the

length, of the cavity, as seen 1n the propagating direction of the flow passage, such as in the
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range of 45% to 115% of the length of the cavity, for instance in the range of 50% to 100%
of the length of the cavity. Consequently, a suitable shape of the cavity cross sectional

shape as seen from above 1s a rectangular shape.

Moreover, the cavity depth and cavity length relation may be such that they form a
substantially quadratic cross section. Hence, the inner corners of the cavity are essentially
sharp. The edges of the cavity that propagates transverse to the air stream direction and are
present in the bottom of the cavity may have a slightly curved shape 1n order to provide

some guidance in the rotational movement of the generated eddy.

The cavity 1s provided with a headspace between powder top and the cavity rim; the
headspace 1s at least 1 mm. The distance from the top of the cavity to the top of the particle
bed 1n an 1nitial condition may be 1 mm or more than 1 mm. This distance 1s referred to as
the headspace of the cavity. A headspace of e.g. 3 mm 1s sufficient for the conditions in the
present device but depends also on the total cavity depth. Possibly, the headspace may vary
in between 10 to 80% of the cavity depth provided that the shape of the cavity 1s adapted
for deaggregation in accordance with the present invention.

It 1s also found that the mass flow rate of the device 1s fairly insensitive to the depth of the
cavity. The extent of the headspace may be between 15% and 35% of the cavity depth and
the cavity depth, from rim to bottom of a brick-shaped cavity, i1s between 4 and 10 mm,

such as about 5 mm.

It 1s realized that the design of the present device provides for use of a phenomenon
denoted as shear driven cavity principle during deaggregation of the powder in the cavity
and emptying operation of the powder there from. Suitably, the flow passage 1s arranged to
follow a generally horizontal line from an inlet port chamber to a mouthpiece when the

device 1s positioned for normal operation.

The shear driven cavity 1s a model for flow 1n a cavity where the upper boundary moves in

a desired flow direction, and thus causes a rotation in the cavity. The flow occurs at a
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Reynolds number which is likely higher than 4000 so the upper boundary flow may be
assumed to be turbulent in general cases. The patterns during this process are quite
complex. In order to support the shear driven cavity flow phenomenon by the cavity the
opposing side surfaces of the flow passage are arranged with a broadening propagation in
relation to one another. The flow passage may be formed with a constant distance between
upper and lower flat surface region 1n the upstream region in relation to the cavity.
Furthermore, 1t 1s desirable that the flow passage in the downstream region in relation to
the cavity 1s formed with the same distance as the upstream region. The cross sectional
shape of the flow passage 1n the cavity region 1s also formed 1n the same manner. The cross
sectional shape of the flow passage may be rectangular with dimensions ranging between 2

to 5 mm.

Rectangular cavities are attractive provided they have an appropriate depth. For these
cavities, the emptying time and the wall deposition factor 1s predicted to increase as the
depth increases. The deaggregation potential 1s predicted to decrease as the depth increases
beyond 5 mm, but a local maximum 1s found for depths near 4 mm. The depth 1s also

important for cavities with inclined walls.

The orientation of the cavity with respect to the flow passage 1s found to have a significant
cifect on the emptying time and the deaggregation potential. The cavity depth, the cavity
fillet radi1, and the channel height are predicted to have only a minor impact on the
emptying time and the deaggregation potential. An inspection of the flow behavior
suggests that deaggregation 1s promoted by devices for which an inclination angle o > 0
because the cavity affects the air stream 1 such a way that the powder particles that are
about to escape from the cavity are more likely to re-enter the cavity. The particles that fail
to escape from the cavity instead impact on the downstream wall of the cavity, which
causes deaggregation. Obviously, since particles are less likely to escape the cavity for

devices with o > 0, the emptying time 1s longer.
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Suitably, 1t 1s also provided a device wherein a cavity structure holder, for a cavity
structure having a plurality of cavities containing respective doses of powder, 1s arranged
thereto. The cavity structure holder forms part of at least one of the side portions of the
flow passage. It 1s anticipated that the shape of the flow passage allows for a simple design
which 1n turn allows for use of less elements leading to facilitate manufacturing process.

Advantageously, a plurality of cavities 1s integrally formed 1n said cavity structure.

Moreover, it 1s a further benefit of the present invention to provide a seal component, such
as a foil, which 1s releasably covering said cavity opening in a pre-inhaling condition.
Advantageously, the seal component of the cavity opening 1s releasable upon breath
actuation. The discovery of a device and a method for efficient deaggregation within the
cavity allows for a sismple design of the outlet leading to a significantly reduced risk for
medicament powder to get caught in the downstream area. Thus, 1t 1s realized that the
administration of medicament powder may be performed 1n a secure manner with respect

to e.g. dose amount.

It 1s also described a method for deaggregating a medicament powder during dispensing of
medicament powder. It 1s thus disclosed a method for deaggregating a medicament powder
in an mhalation device. The method of providing of at least one air stream carrying a dose
of medicament powder comprises bringing an air stream to flow straight along a part of a
flow passage propagating along a flat surface region, said flat surface region comprising an
opening 1into a powder-containing cavity, and passing the air stream outside said cavity to
generate an eddy in the cavity, the eddy contributing to the deaggregation of the powder in

the cavity and emptying of the powder from said cavity.

Since the eddy 1s developing efficiently when 1t describes a cylindrical movement pattern 1t
1s advantageous that the cavity/cavities in question 1s/are shaped to allow a circular or
rather cylindrical wind flow pattern within the cavity. The cylindrical flow pattern in the

cavity would be developed around an axis located transverse the flow direction and in the
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middle of the cavity when the device 1s held in normal operation condition. It 1s
acknowledged that a cavity 1s a space 1n a structure with one opening to the surrounding
environment. More 1n particular, the cavity may have a length 1n the flow direction (F) of
the flow passage which 1s in the range of 65% to 135% of the cavity depth, such as in the
range of 85% to 115% of the cavity depth, for instance in the range of 95% to 105% of the
cavity depth. Hence, suitably, the cavity depth does not exceed the value of the length 1n

the flow direction 1n terms of dimension.

It 1s common 1n the art of deaggregation to strive after that powder particles are
deaggregated to a desired size and possibly mass weight. By using these proportions the
deaggregation due to shear driven cavity in the cavity will be performed efficiently. This
means that larger particles may not leave the cavity as easy as smaller powder particles.
Thus, larger particles will be subject to some additional loops in the cavity and thus
increased deaggregation. Once the larger powder particles have been deaggregated to a
suitable size they will leave the cavity. It 1s one of the benefits of the shear driven cavity

principles used 1n this environment that a classifying effect is enabled.

Consequently, 1t 1s found that a suitable shape of the cavity, in any cross section as seen
from the side, 1s an essentially quadratic shape. The inner corners of the cavity are
advantageously sharp. The edges of the cavity that propagates transverse to the air stream
direction and are present 1n the bottom of the cavity may have a slightly curved shape in

order to provide some guidance in the rotational movement of the generated eddy.

Suitably, at least one cavity side, when taken 1n a cross section of the cavity as seen from
above when the device 1s 1n the normal use condition and the opening of the cavity 1s
facing upwards, has a width which 1s in the range of 35% to 135% of the length in the
propagating direction of the flow passage cavity for allowing generation of an eddy with
the ability to perform deaggregation and emptying of a cavity. For instance, the cavity
opening may have a width 1n the cavity opening in the range of 45% to 115% of the length

of the cavity, such as in the range of 50% to 100% of the length of the cavity.
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The medicament-containing cavity may contain various drugs and/or bioactive agents. The
bioactive agent may be selected from any therapeutic or diagnostic agent. For example it
may be from the group of antiallergics, bronchodilators, bronchoconstrictors, pulmonary
lung surfactants, analgesics, antibiotics, leukotrine inhibitors or antagonists,
anticholinergics, mast cell inhibitors, antihistamines, anti-inflammatory, antineoplastics,
anacsthetics, anti-tubercular, imaging agents, cardiovascular agents, enzymes, steroids,
genetic material, viral vectors, antisense agents, proteins, peptides and combinations

thereof.

Examples of specific drugs which can be incorporated in the medicament containing cavity
according to the invention include mometasone, 1pratropium bromide, tiotropium and salts
thercof, salemeterol, fluticasone propionate, beclomethasone dipropionate, reproterol,
clenbuterol, rofleponide and salts, nedocromil, sodium cromoglycate, flunisolide,
budesonide, formoterol fumarate dihydrate, Symbicort * (budesonide and formoterol),
terbutaline, terbutaline sulphate, salbutamol base and sulphate, fenoterol, 3-[2-(4-Hydroxy-
2-0x0-3H-1,3-benzothiazol-7-yl)ethylamino|-N-[2-[ 2-(4-
methylphenyl)ethoxy]ethyl]propane-sulphonamide, hydrochloride. All of the above
compounds can be in free base form or as pharmaceutically acceptable salts as known in

the art.

Combinations of drugs may also be employed, for example formoterol/budesonide;
formoterol/fluticasone; formoterol/mometasone; salmeterol/fluticasone;
formoterol/tiotropium salts; zafirlukast/formoterol, zafirlukast/budesonide;
montelukast/formoterol; montelukast/budesonide; loratadine/montelukast and

loratadine/zafirlukast.

Further combinations include tiotropium and fluticasone, tiotropium and budesonide,
tiotropium and mometasone, mometasone and salmeterol, formoterol and rofleponide,

salmeterol and budesonide, salmeterol and rofleponide, and tiotropium and rofleponide.
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Brief Description of the Drawings

The present invention will now be described, for exemplary purposes, in more detail by
way of embodiments and with reference to the enclosed drawings, in which:

Fig. 1 1s a schematic cross sectional view of a flow passage region of at least one example
embodiment,

Fig. 2 1s a schematic cross sectional view of an alternative flow passage region of an
alternative embodiment,

Figs. 3a-3d disclose an inhalation sequence 1n principle by means of a schematic
perspective view 1n cross section,

Fig. 4 discloses a side view of an inhalation device according to at least one example
embodiment, and

Fig. 5 1llustrates an exploded partial view of the inhalation device disclosing the cavity

structure holder more 1n detail.

Detailed Description of the Drawings

At least one example embodiment of the present invention 1s an inhalation device from
which a user may inhale consecutive doses of medicament in the form of dry powder. Such
an 1nhalation device 1s illustrated 1n fig. 4. The device 1 includes a housing and a
mouthpiece 3. The mouthpiece 3 may be uncovered by lincar movement of the mouthpiece
cover. The mouthpiece cover according to a second embodiment 1s pivotally supported by

the housing of the device 1.

The device 1 1s used for providing medicament powder and part of 1ts interior 1s disclosed
in fig. 5. Inside the housing there 1s provided a cavity structure 18 containing a plurality of
cavitics 5. In accordance with the illustrated embodiment the cavity structure 18 1s
positioned 1n a cavity holder 19. The cavity structure 18 may be provided with a plurality
of cavities 5 in an annular pattern. Morcover, the cavity structure 18 1n accordance with the

1llustrated embodiment 1s ring-shaped with a comparatively large hole 1n the centre thereof.
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The cavity 5 1s brick-shaped and the cavity opening has a rim 6 where the sides of the
cavity 5 transcend into the flow passage flat surface 7 region. The eddy 1s developing
cfficiently when 1t describes a circular movement pattern. It 1s advantageous that the
cavity/cavities 5 in question 1s/are shaped to allow a cylindrical wind flow pattern within
the cavity 5. The cylindrical flow pattern 1n the cavity would be developed around an axis
located transverse the flow direction and 1in the middle of the cavity when the device 1s
held in normal operation condition. The sides of the cavity may transcend perpendicularly
in the flat surface region of the cavity structure 18 which in turn 1s aligned with the flat
surface of the cavity holder 19 providing for an appropriate flow direction in the flow

passage (not shown 1n fig. 5).

Now, with reference to fig. 1 the overall function of the device 1 according to a at least one
example embodiment of the invention will be described 1n more detail. Part of the flow
passage 4 propagates along a flat surface region 7. The flat surface region 7, which forms
the bottom of the flow passage 4 when the device 1 is 1n its intended use condition,
comprises a cavity opening 20 into said powder-containing cavity 5. The passing of an air
stream 1n the flow direction (F) along said flat surface region 7 and outside said cavity 5
generates an eddy in the cavity 5 and the generated eddy contributes to deaggregation of
the powder 2 in said cavity 5. The powder particles are brought against the sides within the
cavity 5 when the shear driven cavity eddy 1s generated. When the powder particles hit the
sides of the cavity 5 they become deaggregated and thus appropriate for administration.
Furthermore, the generated eddy contributes to the emptying of the powder 2 from said

cavity 3.

More 1n particular the cavity 5 and cavity opening 20 each have a length 10 1n the flow
direction (F) of the flow passage 4 which 1s 1n the range of 65% to 135% of said cavity
depth 22. More suitable, the cavity 5 and cavity opening 20 each have a length 10 1n the
flow direction (F) of the flow passage which is 1n the range of 85% to 115% of the cavity
depth 22, such as in the range of 95% to 105% of the cavity depth 22 of said cavity 3.

More in detail one cavity side, when taken 1n a cross section of the cavity as seen from
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above when the device 1s in the normal use condition and the opening of the cavity 1s
facing upwards, has a width 8 in the propagating direction of the flow passage 4 which 1s
in the range of 35% to 135% of the length 10 of the cavity 3, such as in the range of 45%
to 115% of the length 10 of the cavity 5, for instance 1n the range of 50% to 100% of the
length 10 of the cavity 3.

The distance from the top of the cavity 5 to the top of the powder particle bed in an 1nitial
condition may, for instance, be 1 mm or more than 1 mm. This distance 1s referred to as the
headspace 11 of the cavity. The cavity 5 1s provided with a headspace 11 between powder
top and the cavity rim 6; the headspace 11 1s at least 1 mm. A headspace 11 sufficient for
the conditions for inhalation devices 1 according to the present invention. A headspace
ranging 1n between 1-3 mm would be sufficient for the conditions in the present inhaler but
depends also on the total cavity depth. Possibly, the headspace may vary in between 10 to
80% of the cavity depth provided that the shape of the cavity 1s adapted for deaggregation
in accordance with the present invention. It 1s also found that the mass flow rate of the
device 1 1s fairly insensitive to the depth 22 of the cavity, at least following an initial
induction period of approximately 5 - 10 ms. The extent of the headspace 11 may be
between 10 and 35 % of the cavity depth 22 and the cavity depth 22, from rim 6 to bottom

of a brick-shaped cavity 3, 1s between 4 and 10 mm.

Consequently, a suitable cross sectional shape of the cavity 3, as seen from the side, 1s a
quadratic shape. The inner corners of the cavity are essentially sharp. The edges 16, 17 of
the cavity 5 that propagates transverse to the air stream direction and are present in the
bottom of the cavity 5 may have a slightly curved shape (not shown 1n fig. 1) in order to

provide some guidance in the rotational movement of the generated eddy.

In fig. 2 a second embodiment of the present invention 1s disclosed. The sides of the cavity
5 are positioned with an angle (o) in relation to a normal direction to the flow direction
(F). The rim 6 of the cavity opening 20 will still be aligned with a plane parallel to the flow

direction of the air stream in the flow passage region 4 by the cavity 5. The inclination of
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the side walls 1n relation to the flow passage 4 will make 1t more difficult for the generated
eddy to provide for dispensing of powder from the cavity 5. Hence, a design in accordance
with the second embodiment will increase the time during which the medicament powder 2
1s subject to wall contact impact and hence the deaggregation time period may be
extended. On the other hand the emptying time will, in analogy with the above explained
also be longer for the second embodiment compared to a stmilar type but with a design in
accordance with fig. 1. It 1s also found that the flow in the device 1s qualitatively similar

for most tlow rates.

Computational studies with brick- and capsule shaped cavities 5 were performed and 1t was
found that a brick shaped cavity 5 showed more promising results than a capsule shaped
cavity. The rate of emptying 1s found to be slightly slower for the device 1 with a capsule
shaped cavity. While the flow 1n the brick shaped cavity 5 1s found to be substantially two-
dimensional, the flow 1n the capsule shaped cavity 1s found to be three-dimensional. The
three-dimensional flow in the capsule shaped cavity 1s found to result in a greater
concentration of particles at and near the centerline down stream of the cavity. The major
difference, however, 1s in the capacity of enabling a cylindrical flow pattern leading in turn
to an appropriate deaggregation. It is anticipated that the shape of the cylindrical capsule

does not allow for a build up of a cylindrical flow pattern.

Now continuing, with reference to fig. 2 and the shape of the cavity 5. The bottom most
edges 16, 17, of a substantially brick shaped cavity, located in the transverse direction in
relation to the flow direction (F) may have a curved shape. The first edge 17 in the more
downstream position in relation to the second edge 16 has a shorter radius than said second
edge 16. The first arrow 9 indicates how the cavity powder depth 1s measured. The
headspace 11 1s the distance between the top of the dry powder and the rim 6 of the cavity
5. The length 10 of the cavity 1s also illustrated in fig. 2 with an arrow carrying reference

number 10.
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Continuing to figs. 3a-3d the dispensing principle in accordance with at least one example
embodiment of the invention 1s further explained. It 1s realized that the design of the
present device 1 provides for use of a phenomenon denoted as shear driven cavity principle
during deaggregation of the powder 2 1n the cavity 5 and emptying operation of the powder
2 there from. Suitably, the flow passage 4 1s arranged to follow a generally horizontal line
from an 1nlet port to a mouthpiece when the device 3 1s positioned for normal operation.
The flow passage 1s arranged to guide the air stream passing the opening of the cavity on

the outside of the cavity opening thereof.

In fig. 3a 1t 1s disclosed a cavity 5 which 1s filled with powder 2 with a suitable headspace
11. An air stream along the flow passage 4 1s initiated 1n the flow direction (F) and
emptying of the cavity 5 starts. Moving to fig. 3b in which some of the powder 2 has left
the cavity 5. The build up of an eddy air stream 1n the cavity 5 has begun and 1t 1s seen that
the cavity 5 1s emptied in the downstream region and further upstream when moving to fig
3c¢. The time period elapsed from the situation in fig. 3a to that in fig. 3d when the
emptying of the cavity 5 1s completed depends of course on the size and magnitude of
flow, depth, powder composition, powder depth, headspace etc. In at least one example
embodiment the emptying time including deaggregation 1s from 30 ms. For instance, the

emptying time including deaggregation may be 500 ms.

The shear driven cavity 1s a model for flow 1n a cavity 5 where the upper boundary moves
in a desired flow direction (F), and thus causes a rotation of gas/air in the cavity 5. The
flow occurs at a Reynolds number which 1s likely higher than 4000 so the upper boundary
flow may be assumed to be turbulent in general cases. The patterns during this process are
quite complex. The opposing side surfaces of the flow passage 4 are arranged with a
broadening propagation 1n relation to one another n the flow direction. A device
comprising a disc in accordance with the embodiment of fig. 5 which has 60 cavities will
have side walls of the flow passage which broadens at an angle of 4 degrees 1n relation to a

centerline of the flow passage.
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In an alternative embodiment in which the disc 1s provided with 30 cavities the side walls
of the flow passage broadens at an angle of 12 degrees 1n relation to a centerline of the
flow passage. The flow passage 4 may be formed with a constant distance between upper
and lower flat surface region 1n the upstream region 1n relation to the cavity 3.
Furthermore, 1t 1s desirable that the flow passage 4 in the downstream region 1n relation to
the cavity 5 1s formed with the same distance as the upstream region. The cross sectional
shape of the flow passage 4 in the cavity region 1s also formed 1n the same manner. The
cross sectional shape of the flow passage 4 may be rectangular with dimensions ranging

between 1 to 5 mm.

According to a third embodiment of the invention the device 1s a single inhalation device

containing one cavity with medicament powder.

Rectangular cavities 5 are attractive provided they have an appropriate depth. For these
cavities, the emptying time and the wall deposition factor 1s predicted to increase as the
depth increases. The deaggregation potential 1s predicted to decrease as the depth increases
beyond 5 mm, but a local maximum 1s found for depths near 4 mm. The depth 1s also

important for cavities with inclined walls.

The orientation of the cavity with respect to the flow passage 1s found to have a significant
cffect on the emptying time and the deaggregation potential. The cavity depth, the cavity
fillet radi1, and the channel height are predicted to have only a minor impact on the
emptying time and the deaggregation potential. An inspection of the flow behavior
suggests that deaggregation 1s promoted by devices 1 for which a > 0 because the cavity 5
affects the air stream 1n such a way that the powder 2 particles that are about to escape
from the cavity are more likely to re-enter the cavity. The particles that fail to escape from
the cavity 5 instead impact on the downstream wall of the cavity 5, which causes
deaggregation. Since particles are less likely to escape the cavity for devices with o > 0,

the emptying time 1s longer.
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It 1s realised that the features of the above presented embodiments 1s not a complete
description of all aspects of the invention and further combinations of features from
different embodiments are conceivable within the claimed scope of protection. Hence, 1t 1s

possible to combine various features with different embodiments within the claimed scope

for enabling further aspects of the mvention.
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CLAIMS

1. A device (1) for enabling deaggregation during dispensing of at least one air stream
carrying a dose of medicament powder (2), the device comprising a flow passage (4)
passing a powder-containing cavity (5),

characterized inthata part of said flow passage (4) propagates along a
flat surface region (7), said flat surface region (7) comprising an opening (20) into said
powder-containing cavity (5),

and 1n that the passing of an air stream along said flat surface region (7) and outside
said cavity (5) generates an eddy 1n the cavity (5) and the generated eddy contributes to

deaggregation of the powder (2) 1n said cavity (5) and

emptying of the powder (2) from said cavity (5).

2. The device (1) according to claim 1, wherein said cavity (5) 1s brick-shaped and the
cavity opening (20) has a rim (6) where the sides of the cavity (5) transcends mnto the flow

passage (4) flat surface region (7).

3. The device (1) according to any one of claims 1-2, wherein the cavity (5) has a length
(10) 1n the flow direction (F) of the flow passage (4) which 1s 1n the range of 65% to 135%
of the powder depth (9) of said cavity (5), such as in the range of 85% to 115% of the
powder depth (9) of said cavity (5), such as 1n the range of 95% to 105% of the powder
depth (9) of said cavity (5).
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4. The device (1) according to any one of claims 1-3, wherein one side of the cavity, in a
cross section of the cavity as seen from above when the device (1) 1s 1in the normal use
condition and the opening (20) of the cavity (5) 1s facing upwards, has a width (8) which 1s
in the range of 35% to 135% of the length (10) of the cavity (5) in the propagating
direction of the flow passage (4), such as 1n the range of 45% to 115% of the length (10) of
the cavity (5), such as 1n the range of 50% to 100% of the length (10) of the cavity (5).

5. The device (1) according to any one of claims 1-4, wherein the cavity (5) 1s provided
with a headspace (11) between powder top and the cavity rim (6), the headspace (11) being

at least 1 mm.

6. The device (1) according to any one of claims 1-5, wherein the flow passage (4) 1s
arranged to follow a generally horizontal line from an inlet port chamber to a mouthpiece

(3) when the device (1) 1s positioned for normal operation.

7. The device (1) according to any one of claims 1-6, wherein the opposing side surfaces of
the flow passage (4) being arranged with a broadening propagation in relation to one

another as seen 1n the flow direction (F).

8. The device (1) according to any one of claims 1-7, wherein a cavity structure holder
(19), for a cavity structure (18) having a plurality of cavities (5) containing respective
doses of powder (2), 1s arranged thereto, wherein, optionally, the cavity structure holder

(19) forms part of at least one of the side portions of the flow passage (4).

9. The device according to claim 8, wherein a plurality of cavities (5) is integrally formed

in said cavity structure (18).

10. Use of a shear driven cavity principle for deaggregating medicament i a device

according to any one of claims 1-9.
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11. A method (1) for deaggregating a medicament powder (2) during dispensing of at least
one air stream carrying a dose of powder (2), comprising

bringing an air stream to flow straight along a part of a flow passage (4)
propagating along a flat surface region (7), said tlat surface region (7) comprising an
opening (20) into a powder-containing cavity (5), and

passing the air stream outside said cavity to generate an eddy in the cavity (5), the
cddy contributing to the deaggregation of the powder (2) 1n the cavity (5) and emptying of

the powder (2) from said cavity (5).

12. The method according to claim 11, in which said eddy is generated 1n a brick-shaped

cavity (5).

13. The method according to any one of claims 11-12, in which the shear driven cavity
principle is used for deaggregation operation in said cavity (4) and emptying operation of

the powder (2) there from.

14. The method according to any one of claims 11-13, in which the air stream, when
passing the cavity (5) in the flow passage (4), flows in parallel with a plane coinciding with

the rim (6) of the cavity opening in the flow passage (4).

15. The method according to any one of claims 11-14 implemented 1n a device having the

features defined 1in any one of claims 1-9.
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