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(57) ABSTRACT

A nebulizer for nebulizing a liquid from a container includes
a fluid pump for withdrawing the liquid in doses from the
container and pressurizing the respective doses for nebuli-
zation. The nebulizer includes in addition an air pump with
a piston/cylinder arrangement for pumping air into the
container to pressurize the liquid in the container to help
withdrawing the liquid from the container.
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NEBULIZER

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a national phase application of International
Application No. PCT/EP2018/069947, filed Jul. 23, 2018,
which claims priority to International Application No. PCT/
EP2018/069834, filed on Jul. 20, 2018; EP 17020317.8, filed
Jul. 21, 2017; and EP 17020316.0, filed Jul. 21, 2017, the
entire disclosures of which are hereby incorporated by
reference.

BACKGROUND
[0002] The present invention relates to a nebulizer.
[0003] WO 2009/047173 A2 discloses a nebulizer for

nebulizing a liquid. A container can be inserted into the
nebulizer. The container comprises a rigid outer casing and
a bag containing multiple doses of the liquid. The container
or its casing is vented so that the bag can collapse when
withdrawing liquid.

[0004] The container may be constructed as described in
WO 96/06011 Al or WO 00/49988 A2.

[0005] WO 2010/094305 Al discloses a nebulizer for
nebulizing a liquid. A container can be inserted into the
nebulizer. The container comprises a rigid outer casing and
a collapsible bag containing multiple doses of the liquid. In
order to avoid any undesired formation of vapor or gas
bubbles in the bag when withdrawing liquid form the bag,
the container can be pressurized by gas pressure in the
casing to facilitate collapsing of the bag and withdrawal of
liquid. However, this pressurization may lead to undesired
leakage from the container during non-use, even if an
additional valve is provided between the container and a
pressure generator or fluid pump of the nebulizer. Further,
the pressurization may significantly vary due to significant
increase of the gas volume during liquid withdrawal and,
thus, result in significant variation of the respectively with-
drawn doses of liquid.

[0006] WO 2016/012102 Al discloses a nebulizer for
nebulizing a liquid. A container contains multiple doses of
the liquid and can be inserted into the nebulizer. The
container comprises a rigid outer casing and either a col-
lapsible bag or a moveable fluid piston. The nebulizer
comprises further a mechanism to help collapsing the bag or
moving the fluid piston or pressurizing the liquid in the
container, wherein the liquid is pressurized essentially only
during withdrawal of liquid by applying an air pressure.
According to one embodiment, the container comprises a
pump piston for pressurizing air and a return spring for
returning the pump piston, the pump piston being actuated
by an actuation element formed by a housing part of the
nebulizer. According to another embodiment, the container
comprises a casing forming a cylinder into which a pump
piston engages wherein the pump piston is connected with
the housing part of the nebulizer. A special adaptation of
known containers is required, and insertion of the container
may be problematic. Further, the air pressure and, thus, the
pressurization may significantly vary due to significant
increase of the air volume when decreasing the liquid
volume.
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SUMMARY

[0007] Object of the present invention is to provide a
nebulizer wherein withdrawal/sucking of liquid from the
container is facilitated, while undesired leakage during non-
use can be prevented or minimized, and/or wherein the
withdrawn doses of liquid can be kept highly constant (in
particular, for successive/repeated withdrawals of doses
from the container) and/or precise metering is supported,
and/or wherein the formation or growing of any gas bubble
in the liquid can be prevented, and/or wherein a simple
construction is possible and/or known containers can be
used.

[0008] The above object is achieved by a nebulizer
according to the disclosed embodiments.

[0009] The present invention relates to a nebulizer for
nebulizing a liquid, preferably a liquid medicament, from a
preferably replaceable container containing the liquid in a
variable or collapsible/compressible volume formed or lim-
ited in particular by a collapsible bag or moveable fluid
piston or any other construction such as a collapsible/
compressible container made of diffusion-tight foils.
[0010] Preferably, the nebulizer comprises a housing part
which can be detached or opened for inserting or replacing
the container. Preferably, the nebulizer comprises a fluid
pump or pressure generator for withdrawing the liquid (in
particular a metered dose of liquid) from the container
and/or for dispensing the dose of liquid. In particular, the
container contains multiple doses of the liquid.

[0011] According to the present invention, the nebulizer
comprises an air pump associated to the container for
pressurizing the liquid in the container to help withdrawing
the liquid in doses from the container, wherein the air pump
comprises or forms a piston/cylinder arrangement in par-
ticular for temporarily pumping air into the container to help
withdrawing the liquid in doses from the container. This
allows a very simple construction of the air pump and, thus,
of the nebulizer. Further, this allows a construction of the air
pump separate from the container.

[0012] Preferably, a pressure pulse—in particular pro-
vided or generated by the nebulizer or air pump—acts on the
variable volume or the liquid in the container during the
tensioning of the nebulizer and/or withdrawal of liquid from
the container. This helps withdrawing the liquid in doses
from the container without forming or growing of any gas
bubble within the liquid/container.

[0013] Preferably, the container comprises an inner con-
tainer (which is flexible/compressible/collapsible, prefer-
ably in form of a collapsible bag, foil construction or the
like) and a surrounding more rigid structure like a casing.
Alternatively, the container may comprise a rigid structure
or casing and a fluid piston moveable within the casing for
forming a variable or collapsible/compressible volume for
the liquid. Preferably, the air pump is pneumatically con-
nectable to the casing and optionally to a space between the
casing and the inner container/bag.

[0014] Preferably, the air pump pressurizes the container
and/or liquid in the container only temporarily, in particular
only when the nebulizer is cocked or tensioned or loaded
(i.e. ready for nebulizing a dose of liquid) and/or when liquid
is withdrawn out of the container. Thus, any undesired
leakage of liquid from the container can be prevented or at
least minimized and/or any (additional) valve between the
container and the fluid pump or pressure generator of the
nebulizer can be avoided. This allows a simple construction.
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[0015] Further, the temporary pressurization of the liquid
in the container can prevent the formation or growing of any
gas bubble within the liquid/container. This supports precise
metering and/or allows minimization or reduction of the
total volume of liquid initially provided in the container.
[0016] Preferably, the nebulizer or air pump comprises a
pump piston which is driven by the container for pumping
air into the container [and/or pressurizing the liquid in the
container|. This allows a very simple construction and/or use
of known containers.

[0017] Preferably, the pump piston cooperates with the
housing part of the nebulizer or with a cylinder or insert
associated to or held by the housing part. This allows a very
simple construction and requires only minor modification of
known nebulizers.

[0018] Preferably, the air pump is arranged in, fastened to
or formed by the housing part of the nebulizer, wherein the
housing part can be detached or opened for inserting or
replacing the container.

[0019] Preferably, the container is moveable relative to the
air pump during tensioning or cocking or loading the nebu-
lizer or withdrawing a dose of liquid from the container
and/or during nebulizing or dispensing a dose of liquid. This
relative container movement is preferably used for actuating
the air pump and/or for only temporarily pressurizing the
liquid in the container and/or only temporarily connecting
the air pump to the container (preferably, the air pump is not
connected to the container in a non-tensioned or non-loaded
state of the nebulizer). This allows a very simple and reliable
construction.

[0020] Preferably, the air pump is fluidically connectable
to a bottom or axial end of the container, preferably opposite
to an outlet of the container and/or via a venting hole of the
container. This allows a very simple construction or inte-
gration in known nebulizers.

[0021] According to an alternative embodiment, the con-
tainer may form or comprise a pump piston of the air pump
for pumping air into the container and/or for pressurizing the
liquid in the container to help withdrawing the liquid in
doses from the container. This allows a very simple con-
struction.

[0022] According to another aspect of the present inven-
tion, the nebulizer or air pump comprises preferably a valve
controlling or limiting the air pressure and/or preventing any
underpressure in the air pump. Preferably, the valve limits or
controls the air pressure acting on the container/liquid so
that the pressurization of the liquid becomes independent
from the volume of liquid in the container (filling level of the
container). This supports or allows precise metering of the
liquid. If the valve (the same valve or a separate valve)
prevents any underpressure in the air pump, in particular by
opening a respective aeration passage or inlet into the air
pump, a negative force acting against the tensioning move-
ment for nebulizing the fluid can be avoided. Thus, precise
nebulization is ensured or supported.

[0023] According to a further, independent aspect of the
present invention, the nebulizer, in particular the air pump,
comprises a sealing device acting between the pump piston
and the cylinder, wherein the sealing effect of the sealing
device depends on the direction of movement of the pump
piston relative to the cylinder.

[0024] Preferably, the sealing device is adapted to apply a
(variable) force/pressure on the seal between the pump
piston and the cylinder, and/or a variable friction between
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the pump piston and the cylinder, in particular wherein the
force/pressure/friction level depends on the direction of
movement of the pump piston relative to the cylinder.
[0025] Preferably, the sealing device increases the force/
pressure/friction between the pump piston and the cylinder
during withdrawing a dose of liquid from the container and
reduces the force/pressure/friction between the pump piston
and the cylinder when pressurizing the dose of the liquid for
nebulization.

[0026] In this way, the sealing device comprises/causes a
(variable) sealing effect, preferably wherein the sealing
effect depends on the direction of movement of the pump
piston relative to the cylinder.

[0027] Mostly preferred, the pump piston is only sealed
against the cylinder by means of the sealing device or its seal
during tensioning/cocking/loading of the nebulizer.

[0028] Due to the sealing device, i.e. the variable sealing
effect, it is possible to reduce/minimize the impact of the air
pump on the dispensing/nebulizing process. In particular,
the container can be moved with less frictional resistance
during the dispensing/nebulizing process.

[0029] According to a further, independent aspect of the
present invention, the nebulizer comprises an indicator
device for counting or indicating a number of uses per-
formed or still possible with the container, wherein the
indicator device comprises an indicator element and an
actuator for actuating and/or stepwise moving the indicator
element preferably directly and wherein the indicator ele-
ment is rotatably and preferably inseparately connected to
the container or a casing thereof and wherein the actuator is
rigidly connected to the housing part.

[0030] Preferably, the indicator device is integrated into
and/or actuated together with the air pump. Mostly pre-
ferred, the indicator element comprises or forms the pump
piston of the air pump. This allows a simple construction.
Further, only parts of the indicator device, in particular only
the indicator element, need(s) to be exchanged together with
the used/empty container. With other words, some parts of
the indicator device, in particular its actuator, can be reused,
e.g. with a new container. In this way, the components to be
disposed are reduced.

BRIEF DESCRIPTION OF THE DRAWING

[0031] Further advantages, features, characteristics and
aspects of the present invention will become apparent from
the claims and the following description of preferred
embodiments with reference to the drawings. It shows:
[0032] FIG. 1 a schematic section of a nebulizer according
to a first embodiment of the present invention in a non-
tensioned state;

[0033] FIG. 2 a schematic section, rotated 90° compared
with FIG. 1, of the nebulizer in a tensioned state;

[0034] FIG. 3 a schematic section of a first embodiment of
a container for the nebulizer;

[0035] FIG. 4 a schematic section of a second embodiment
of the container for the nebulizer;

[0036] FIG. 5 a schematic section of a lower part of the
nebulizer with a piston/cylinder arrangement in the non-
tensioned state of FIG. 1;

[0037] FIG. 6 a partial enlargement of FIG. 5 illustrating
a preferred construction of a valve;

[0038] FIG. 7 a schematic section of a lower part of the
nebulizer according to a second embodiment of the present
invention in a non-tensioned state;
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[0039] FIG. 8 a schematic section of the lower part of the
nebulizer similar to FIG. 7, but in a tensioned state;
[0040] FIG. 9 a schematic section of a lower part of the
nebulizer in the non-tensioned state similar to FIG. 7, but
with a modified valve;

[0041] FIG. 10 a schematic section of a third embodiment
of the container according to the present invention;

[0042] FIG. 11 a schematic section of a lower part of the
nebulizer with the container according to the third embodi-
ment in the non-tensioned state;

[0043] FIG. 12 a schematic section of the lower part of the
nebulizer and container similar to FIG. 11, but in a tensioned
state;

[0044] FIG. 13 a diagram of the pressure progression as a
function of actuations;

[0045] FIG. 14 another diagram of the pressure progres-
sion as a function of actuations;

[0046] FIG. 15 a schematic section of a lower part of the
nebulizer according to another embodiment in a delivery
state;

[0047] FIG. 16 a schematic section of the lower part of the
nebulizer according to FIG. 15 in the tensioned state;
[0048] FIG. 17 a partial enlargement of FIG. 16;

[0049] FIG. 18 a schematic section of the lower part of the
nebulizer according to FIG. 15 in the non-tensioned state;
[0050] FIG. 19 a diagram of the pressure progression as a
function of the axial location of the container;

[0051] FIG. 20 a schematic section of a lower part of the
nebulizer according to another embodiment in the tensioned
state;

[0052] FIG. 21 a partial enlargement illustrating the nebu-
lizer of FIG. 20 in the delivery state;

[0053] FIG. 22 a partial enlargement illustrating the nebu-
lizer of FIG. 20 in the tensioned state;

[0054] FIG. 23 a schematic section of a lower part of the
nebulizer in the tensioned state similar to FIG. 20, but with
a modified container;

[0055] FIG. 24 a perspective view of the partially sec-
tioned and illustrated nebulizer according to FIG. 20 in the
non-tensioned state;

[0056] FIG. 25 a schematic section of the partially illus-
trated nebulizer according to FIG. 20 illustrating a blocking
device for blocking an indicator device; and

[0057] FIG. 26 a schematic section of the partially illus-
trated nebulizer according to FIG. 25 in the blocked state.

DETAILED DESCRIPTION

[0058] In the Figures, the same reference numerals are
used for identical or similar parts, resulting preferably in
corresponding or comparable properties and advantages,
even if the associated description is not repeated.

[0059] FIGS. 1 and 2 show a nebulizer 1 according to the
present invention for atomizing a liquid 2, particularly a
highly effective pharmaceutical composition, medicament
or the like, diagrammatically shown in a non-tensioned state
(FIG. 1) and in a cocked or tensioned state (FIG. 2). The
nebulizer 1 is constructed in particular as a portable inhaler
and preferably operates only mechanical and/or propellant-
free.

[0060] When the liquid 2, preferably a pharmaceutical
composition, is nebulized, an aerosol 14 (FIG. 1) is formed
or dispensed, which can be breathed in or inhaled by a user.
Usually the inhaling is done at least once a day, more
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particularly several times a day, preferably at set intervals,
depending on the complaint or illness from which a patient
is suffering.

[0061] The nebulizer 1 is provided with or comprises or is
adapted to receive an insertable or replaceable container 3
containing the liquid 2. The container 3 thus forms a
reservoir for the liquid 2, which is to be nebulized.

[0062] The container 3 is shown in FIGS. 1 and 2 only
schematically and in the section of FIG. 3 in more detail.
[0063] Preferably, the container 3 contains multiple doses
of liquid 2 or active substance in particular sufficient to
provide at least 100 or 150 and/or up to 200 or more dosage
units or doses, for example, i.e. to allow at least 100 and/or
up to 200 sprays or applications. The container 3 holds
preferably a volume of about 0.5 to 20 ml.

[0064] Further, the number of doses contained in the
container 3 and/or the total volume of the liquid 2 contained
in the container 3 can vary depending on the liquid 2 or
respective medicament and/or depending on the container 3
and/or depending on the necessary medication or the like.
[0065] Preferably, the nebulizer 1 is adapted to nebulize a
dose of 1 to 80 microliters of liquid 2, even more preferably
a dose of more than 5, 10 or 20 microliters or of about 50
microliters, within one actuation/use of the nebulizer
1/within one spray/aerosol delivery/dispension.

[0066] Preferably, the container 3 can be replaced or
exchanged, wherein the total number of uses of the nebulizer
1 and thus the number of containers 3, which can be used
with the same nebulizer 1, is preferably restricted, e.g. to a
total number of four, five or six containers 3. WO 2012/
162305 Al discloses additionally such a restriction to the
total numbers of containers 3 which can be used with the
same nebulizer 1.

[0067] The container 3 is preferably substantially cylin-
drical or cartridge-shaped and once the nebulizer 1 has been
opened the container 3 can be inserted therein preferably
from below and changed if desired.

[0068] The container 3 is preferably of rigid construction,
the liquid 2 in particular being held in a variable or collaps-
ible/compressible volume 4, such as a (flexible) inner con-
tainer of variable volume, preferably a collapsible bag, in the
container 3.

[0069] The nebulizer 1 comprises a delivery mechanism,
preferably a pressure generator or fluid pump 5, for con-
veying and nebulizing the liquid 2, particularly in a preset
and optionally in an adjustable dosage amount. In particular,
the pressure generator or fluid pump 5 withdraws or sucks
liquid 2, namely a dose of the liquid 2, from the container 3
or its bag/volume 4, preferably when cocking or tensioning
or loading the nebulizer 1. Then, the withdrawn liquid 2 or
dose of liquid 2 is dispensed, in particular pressurized and/or
nebulized, preferably in a second step after the tensioning or
loading process. In particular, the nebulizer 1 comprises an
energy store (preferably a drive spring 7) which is loaded
(preferably tensioned) during the loading or tensioning
process and the energy is released for nebulizing the liquid
2 or dose of liquid 2 which has been drawn into the nebulizer
1 during the tensioning or loading process. Thus, the normal
use of the preferred nebulizer 1 encompasses the loading
process and the dispensing process.

[0070] The nebulizer 1 or pressure generator/fluid pump 5
comprises preferably a holder 6 for holding the container 3,
the drive spring 7 associated to the holder 6, only partly
shown, and/or a blocking element 8 preferably in form of or
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with a button for preferably manual actuation or depressing.
The blocking element 8 can catch and block the holder 6 and
can be manually operated to release the holder 6 allowing
drive spring 7 to expand.

[0071] The nebulizer 1 or pressure generator/fluid pump 5
comprises preferably a conveying element, such as a con-
veying tube 9, a non-return valve 10, a pressure chamber 11
and/or a nozzle 12 for nebulizing the liquid 2 into a
mouthpiece 13.

[0072] The completely inserted container 3 is fixed or held
in the nebulizer 1 via the holder 6 such that the conveying
element fluidically connects the container 3 or its bag 4 to
the nebulizer 1 or pressure generator/fluid pump 5. Prefer-
ably, the conveying tube 9 penetrates into the container 3
and/or bag/volume 4, preferably wherein the length of the
conveying tube 9 varies depending on the embodiment.

[0073] The nebulizer 1 or holder 6 is preferably con-
structed so that the container 3 can be released or exchanged.

[0074] When the drive spring 7 is axially tensioned in the
tensioning process or during cocking, the holder 6 with the
container 3 and the conveying tube 9 are moved downwards
in the drawings and liquid 2 is withdrawn or sucked out of
the container 3 into the fluid pump 5 or its pressure chamber
11 through the non-return valve 10. In this state, the holder
6 is caught by the blocking element 8 so that the drive spring
7 is kept compressed. Then, the nebulizer 1 is in the cocked
or tensioned state.

[0075] During the subsequent relaxation in the dispensing
or nebulization process after actuation or pressing of the
blocking element 8, the liquid 2 in the pressure chamber 11
is put under pressure (/is pressurized) as the conveying tube
9 with its now closed non-return valve 10 is moved back into
the pressure chamber 11, here in the drawings upwards, by
the relaxation or force of the drive spring 7 and now acts as
a pressing ram or piston. This pressure forces the liquid 2
through the nozzle 12, whereupon it is nebulized into the
aerosol 14, as shown in FIG. 1, and, thus, dispensed.

[0076] Generally, the nebulizer 1 operates with a spring
pressure of 5 to 300 MPa, preferably 10 to 250 MPa, on the
liquid 2, for the nebulization of aqueous liquids most pref-
erably 10 to 50 MPa.

[0077] Preferably, the energy for the pressure generation is
supplied by a drive spring 7 with a mean force ranging from
30 N to 120 N, most preferably with a mean force ranging
from 45 N to 90 N, for instance 60 N.

[0078] Preferably, a volume of liquid 2 of more than 10, 20
or 30 microliters, preferably about 40 or 50 microliters, is
delivered per stroke.

[0079] The liquid 2 is converted into or nebulized as
aerosol 14, the droplets of which have an aerodynamic
diameter of up to 20 micrometers, preferably 3 to 10
micrometers (with a high fraction of particles being smaller
than 5 microns in case of the nebulizer 1 being an inhaler).
Preferably, the generated jet spray has an angle of 20° to
160°, preferably 80° to 100°. These values also apply to the
nebulizer 1 according to the teaching of the present inven-
tion as particularly preferred values.

[0080] A user or patient (not shown) can inhale the aerosol
14, preferably while air can be sucked into the mouthpiece
13 through at least one optional air supply opening 15.

[0081] The nebulizer 1 comprises preferably a housing 19
and/or (upper) housing part 16 and optionally a biasing or
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inner part 17 preferably which is rotatable relative thereto
(FIG. 2) and/or has an upper part 17A and a lower part 17B
(FIG. 1).

[0082] The nebulizer 1 or housing 19 comprises preferably
a (lower) housing part 18. This part 18 is in particular
manually operable, and/or releasable fixed, particularly fit-
ted or held onto the inner part 17, preferably by means of a
retaining element 17C.

[0083] Preferably, the housing parts 16 and 18 and/or other
parts form the housing 19 of the nebulizer 1.

[0084] In order to insert and/or replace the container 3,
preferably the housing 19 can be opened and/or the housing
part 18 can be detached from the nebulizer 1, inner part 17
or housing 19.

[0085] Generally and preferably, the container 3 can be
inserted before the housing 19 is closed and/or before the
housing part 18 is connected to the housing 19. The con-
tainer 3 may be inserted, opened and/or fluidically con-
nected to the delivery mechanism or fluid pump 5 automati-
cally or simultaneously when (completely) connecting the
housing part 18 to the housing 19/nebulizer 1 and/or when
(completely) closing the housing 19/nebulizer 1. Preferably,
the container 3 is open or fluidically connected when ten-
sioning the nebulizer 1 for the first time with the current
container 3.

[0086] Preferably, the nebulizer 1 or drive spring 7 can be
manually activated or tensioned or loaded, in particular by
actuation or rotation of an actuation member, here preferably
by rotating housing part 18 or any other component.
[0087] The actuation member, preferably the housing part
18, can be actuated, here rotated, relative to the upper
housing part 16, carrying with it or driving the inner part 17.
The inner part 17 acts on a gear or transmission to transform
the rotation into an axial movement. As a result the drive
spring 7 is tensioned in the axial direction by means of the
gear or transmission (not shown) formed between the inner
part 17, in particular its upper part 17A, and the holder 6 and
acting on the holder 6. During tensioning the container 3 and
holder 6 are moved axially downwards until the container 3
assumes an (end) position as shown in FIG. 2. In this
activated or tensioned state the drive spring 7 is under
tension and can be caught or held by the blocking element
8. During the nebulizing process the container 3 is moved
back into its original position (non-tensioned position or
state shown in FIG. 1) by (the force of) the drive spring 7.
Thus, the container 3 executes a lifting or stroke movement
during the tensioning process and during the nebulizing
process.

[0088] The housing part 18 preferably forms a cap-like
lower housing part and/or fits around or over or covers a
lower free end portion of the container 3. As the drive spring
7 is tensioned the container 3 moves with its end portion or
base 22 (further) into the housing part 18 or towards the end
face thereof.

[0089] Some container 3, in particular container 3 having
a collapsible bag/volume 4 containing the liquid 2, as the
one shown in FIG. 3, need an aeration for pressure com-
pensation in order to withdraw the liquid 2 from the con-
tainer 3.

[0090] Preferably, the nebulizer 1 comprises an aeration
means for aeration of the container 3 that is preferably sealed
in the delivery state.

[0091] The optional aeration means, such as a piercing
element, arranged in the housing part 18, may come in
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contact with the base 22 or a venting hole 23 of the container
3 and open or pierce the container 3 or a seal or foil 26
thereon when the container 3 makes contact with it for the
first time, to allow air in or aeration.

[0092] In particular, FIG. 5 shows in a partial enlargement
of FIG. 1 an air pump 30 in the lower part of the nebulizer
1 or housing part 18, wherein an aeration device 18A is
schematically indicated. This aeration device 18 A comprises
or is formed by a piercing element or needle, in particular a
hollow needle and/or with a tapered and/or inclined and/or
sharp tip or the like, so that the aeration device 18A can
easily open or pierce the seal/foil 26 and/or venting hole 23.
[0093] The venting hole 23 allows for pressure compen-
sation inside the container 3 when liquid 2 is drawn from the
container 3 during the tensioning of the nebulizer 1.
[0094] In particular, the container 3 comprises a rigid
casing 20, a liquid outlet or head 21 and/or a base 22
opposite the outlet’/head 21 as shown in FIG. 3. Preferably,
the container 3, casing 20 or base 22 is provided with a
venting opening or hole 23 which is opened before or during
first use.

[0095] Preferably, the container 3 comprises in the first
embodiment in addition to the outer, preferably metallic
casing 20 an inner, preferably rigid container or shell 24. The
shell 24 encompasses or surrounds the bag/variable volume
4

[0096] The shell 24 is preferably made of plastics and/or
extends up to the outlet or head 21.

[0097] Preferably, the shell 24 is rigidly fastened or
received within the casing 20. However, other constructional
solutions are possible as well.

[0098] The bag/volume 4 is received preferably within the
shell 24 such that it can collapse within the shell 24 when
liquid 2 is withdrawn. FIG. 3 shows a partially collapsed
bag/volume 4 in a very schematic section.

[0099] The container 3 or bag/volume 4 is preferably
closed by a closure 25 as schematically shown in FIG. 3. It
has to be noted that the container 3 or closure 25 is still
closed in FIG. 3, in particular the conveying element or tube
9 has not been inserted yet.

[0100] Further, FIG. 3 shows the container 3 with still
closed venting. In particular, the seal 26, such as a foil or the
like, covers or seals the base 22 or venting hole 23 of the
container 3 or its casing 20. However, other constructional
solutions are possible as well.

[0101] When the venting, in particular the seal 26, is open,
air or any other gas can flow through the venting hole 23 into
casing 20 and through a venting opening 27 into shell 24 so
that pressure equalization is possible or achieved. In par-
ticular, negative air pressure can be avoided or at least
compensated when withdrawing liquid 2 and, thus, collaps-
ing bag/volume 4. However, a throttle effect of the venting
hole 23 and venting opening 27 may have different impact
on the temporary pressure differences occurring during
liquid withdrawal which might result in some variation of
the volume of withdrawn doses and/or might even result in
the formation or growing of any gas bubble in the liquid
2/bag/volume 4. The present invention can minimize or
avoid any such effects due to temporarily pressurizing the
liquid 2 and/or temporarily pumping air into the container 3
as described later in detail.

[0102] Further, the container 3 could also be constructed
as described in WO 2009/115200 Al.
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[0103] FIG. 4 shows in a schematic section a second
embodiment of the container 3. Here, the variable or col-
lapsible/compressible volume 4 for the liquid 2 is formed or
limited preferably by the (outer) casing 20 and a moveable
element or piston, hereinafter called fluid piston 28.

[0104] Preferably, the fluid piston 28 is moveable axially
and/or within the container 3 or casing 20 and/or relative
thereto.

[0105] Preferably, the container 3 is provided with a seal
29 acting between the fluid piston 28 and the casing 20. In
particular, the seal 29 is formed as a ring or lip and/or held
by the fluid piston 28. However, other constructional solu-
tions are possible as well.

[0106] FIG. 4 shows the container 3 in a delivery state
and/or a completely filled state where the fluid piston 28 is
in its initial position before withdrawing any liquid 2 from
the container 3. In particular, the initial position is adjacent
to or at the base 22 or axial end of the container 3 or casing
20 opposite to the outlet or head 21. Thus, a maximum filling
volume of the container 3 can be realized.

[0107] Here, the piston 28 is preferably accessible from
the exterior, in particular such that the venting hole 23 and
the venting opening 27 can be omitted. However, other
solutions are possible, e.g. wherein the container 3 is axially
closed/sealed, in particular such that the container 3 needs an
aeration for pressure compensation in order to withdraw the
liquid 2 from the container 3. Such an embodiment will be
described later, in particular with reference to FIGS. 15 to
24.

[0108] When withdrawing liquid 2, the piston 28 moves
axially towards the outlet or head 21, here in the represen-
tation of FIG. 4 upwards.

[0109] The container 3 according to the embodiment
shown in FIG. 4 preferably comprises also an at least
essentially cylindrical form and/or a similar casing 20, head
21 and/or closure 25 as the container according to the
embodiment of FIG. 3.

[0110] Preferably, both types or embodiments of contain-
ers 3 can be used in the nebulizer 1 shown in FIGS. 1 and
2.

[0111] The nebulizer 1 preferably comprises an air pump
30 for—in particular temporarily—pressurizing the liquid 2
in the container 3, in particular the bag/variable volume 4 in
the container 3, preferably to help collapsing/compressing
the bag/volume 4 and/or to facilitate withdrawal or sucking
of liquid 2 from the container 3.

[0112] In the first embodiment of the nebulizer 1, the air
pump 30 is formed preferably separately from the container
3.

[0113] The air pump 30 is preferably connectable—in
particular only temporarily—to the container 3 or its casing
20 or base 22 or venting hole 23.

[0114] The air pump 30 is preferably arranged opposite to
the fluid pump 5 and/or the liquid outlet or head 21 of the
container 3.

[0115] The air pump 30 is arranged or located preferably
at or in the housing part 18 and/or adjacent to the base 22 of
the container 3.

[0116] Preferably, the air pump 30 comprises a pump
piston 31 and a cylinder 32 cooperating with the pump
piston 31. Thus, the air pump 30 comprises or forms a
piston/cylinder arrangement for pressurizing the liquid 2 in
the container 3 and/or for pumping air into the container 3.
[0117] Preferably, the pump piston 31 is cup-like.
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[0118] Optionally, a sealing can be provided between the
pump piston 31 and the cylinder 32. For example, a sealing
element, such as an O-ring or the like, could be used.
Alternatively or additionally, the inner surface of the cylin-
der 32 and/or the outer surface of the pump piston 31 can be
provided with a glide agent, such as silicone, grease or the
like, in order to reduce friction and/or for sealing.

[0119] The cylinder 32 may be formed by the housing part
18 or an element or insert 33 attached to or arranged in the
nebulizer 1, the housing 19 or—most preferably—the hous-
ing part 18.

[0120] In the shown embodiment, the insert 33 is fixed in
the housing part 18 by press-fit or form-fit or by glueing,
welding or the like.

[0121] The air pump 30 or pump piston 31 preferably
comprises a port 34 and/or seal 35 for pneumatically con-
necting the air pump 30 to the container 3 or its base 22 or
venting hole 23.

[0122] Preferably, the seal 35 is arranged at or around the
port 34 or forms the port 34 and/or is held by the pump
piston 31.

[0123] Preferably the seal 35 forms an annular lip and/or
conical connection portion for sealing against the container
base 22 and/or surrounding the venting hole 23 when the
container 3 is pneumatically connected to the air pump 30 or
vice versa. In this state, the port 34 or seal 35 abuts
preferably against the container base 22.

[0124] Preferably, the air pump 30, pump piston 31, port
34 and/or seal 35 is arranged centrally and/or below the
container 3, base 22 or venting hole 23 and/or in axial
alignment with the container 3 or its stroke movement.
[0125] The air pump 30 preferably comprises a return
spring 36 for returning or biasing the pump piston 31 into its
initial position shown in FIG. 1. The pump piston 31 is in
this initial or upper position in particular when the nebulizer
1 is not in use or is not tensioned.

[0126] Preferably, the air pump 30 or insert 33 comprises
a stop 33A as indicated in FIG. 5 for restricting the return
travel of the pump piston 31 and/or defining the initial or
upper position of the pump piston 31.

[0127] In the shown embodiment, the return spring 36 acts
between the pump piston 31 and the housing part 18 or insert
33.

[0128] Preferably, the return spring 36 is formed by a
helical spring and/or extends in axial direction or in the
direction of stroke movement of the container 3 and/or is
arranged centrally in the nebulizer 1, below the container 3
and/or in the air pump 30.

[0129] Preferably, the pump piston 31 comprises a bearing
part 37, such as a recess or protrusion, for holding an
associated end of the return spring 36.

[0130] Preferably, the insert 33 or housing part 18 com-
prises a bearing part 38, such as a recess or protrusion, for
holding the associated end of the return spring 36.

[0131] The air pump 30 preferably comprises a pump
chamber 39 formed between the pump piston 31 and the
cylinder 32/insert 33. In particular, the volume of the pump
chamber 39 is defined or varied by the position or movement
of the pump piston 31.

[0132] FIG. 2 shows the nebulizer 1 in the tensioned state
with the pump piston 31 in the actuated or depressed
position. In this position, the pump piston has been moved
(further) into the cylinder 32 or insert 33 or housing part 18
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and air contained in the pump chamber 39 has been com-
pressed and/or delivered into the container 3.

[0133] The air pump 30 works preferably (only) mechani-
cally.
[0134] Preferably, the air pump 30 is arranged in the center

of'the nebulizer 1 and/or below the container 3 and/or axially
aligned with the nebulizer 1 and/or container 3.

[0135] The air pump 30 or pump piston 31 is preferably
actuated by the movement of the container 3 within the
nebulizer 1 and/or the stroke-like movement or tensioning
movement of the container 3.

[0136] In particular, the container 3 or its base 22 is spaced
from the air pump 30, pump piston 31, port 34 or seal 35
when the nebulizer 1 or container 3 is in the non-tensioned
state or after nebulizing a dose.

[0137] Thus, the air pump 30 is temporarily open and/or
(pneumatically) disconnected from the container 3 or vice
versa. In particular, the aeration or venting hole 23 is open
or uncovered in the non-tensioned state so that free com-
pensation is possible between the pressure within the con-
tainer casing 20 and the outer atmosphere.

[0138] Preferably, the stroke-like movement or tensioning
movement of the container 3 controls opening or filling of
the air pump 30.

[0139] When tensioning the nebulizer 1, the container 3 is
moving towards and/or relative to the air pump 30 or its
pump piston 31. After a first (shorter) part of the tensioning
movement, the container 3 or its base 22 (pneumatically)
connects with the air pump 30 or its pump piston 31 or port
34/seal 35. During the further or second (larger) part of the
tensioning movement, the air pump 30 or pump piston 31 is
actuated or depressed so that an air pressure is generated
which can directly act—here preferably via the port 34/seal
35 and the venting hole 23—on the liquid 2 in the container
3 or, more precisely, on the bag 4 (i.e. the variable volume)
within the container 3. In other words, the air pump 30
pumps air into the space between the bag 4 and the casing
20/shell 24.

[0140] Preferably, the air pump 30 comprises a total
volume and/or a pump volume of more than 0.1 cm?, in
particular of more than 0.5 cm?, and more preferably of
more than 1.0 cm®. In particular, the pump volume is
between 1 and 4 cm?.

[0141] Preferably, the pump volume of the air pump 30,
i.e. here the volume difference between the uncompressed
state and the compressed state of the air pump 30 and/or the
minimum volume of air pumped into the container 3 by the
air pump 30 during each actuation, is more than 3%, in
particular more than 5%, most preferably more than 8%,
and/or less than 50%, preferably less than 40%, most
preferably less than 30%, of the air volume of the container
3 after withdrawing the maximum number of doses of liquid
2 or all liquid 2.

[0142] Preferably, the air pump 30 provides a defined or
limited pressure increase (depending on the maximum air
pressure provided by the air pump 30) in the container 3 (in
particular in the space between the inner container and the
casing 20 and/or shell 24) or acting on the liquid 2/bag/
volume 4 of more than 25 hPa, preferably more than 40 hPa,
and most preferably of more than 50 hPa or 100 hPa, in
particular just after tensioning the nebulizer 1.

[0143] The pressure increase mentioned above might
depend on the state of collapsing/compressing of the bag/
volume 4. The above values apply in particular when the
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bag/volume 4 is completely collapsed/compressed and/or
when the maximum number of withdrawn doses of liquid 2
is reached.

[0144] The pressure acting on the bag/volume 4 in the
container 3 increases during the second part of the tension-
ing movement of the container 3, i.e. during the actuation of
the air pump 30, until the tensioned state or (end) position
and the maximum air pressure are reached. This pressure
increase helps of facilitates withdrawal or sucking of liquid
2 from the container 3 or its bag/volume 4.

[0145] Preferably, the nebulizer 1 or air pump 30 com-
prises at least one air leakage or valve 40 for controlling or
limiting the (maximum) air pressure and/or for aerating the
air pump 30 or its pump chamber 39 and/or for preventing
any underpressure (negative pressure with respect to the
ambient pressure) in the air pump 30 or pump chamber 39.
However, the valve 40 is only optional and can be omitted.
[0146] Preferably, the pressure decreases again, in particu-
lar automatically, during the nebulization process (prefer-
ably due to movement of the pump piston 31 from its
actuated position into the initial position or due expansion of
the pump chamber 39 caused by the return spring 36 or due
to disconnection of the air pump 30 or port 34 from the
container 3 during the nebulization movement of the con-
tainer 3) and/or preferably even already in the tensioned
state (preferably due to the air leakage and/or valve 40).
[0147] Therefore, the bag 4 or liquid 2 is pressurized only
temporarily in the container 3, preferably mainly only dur-
ing the tensioning movement and/or preferably primarily
only during withdrawal of a dose of liquid 2 from the
container 3 or its bag/volume 4.

[0148] After withdrawing or sucking liquid 2 from the
container 3 or its bag/volume 4, the nebulizer 1 is in the
tensioned or cocked state and/or is ready for dispensing/
nebulization.

[0149] In the tensioned or cocked state, the air pressure
and, thus, the pressurization of liquid 2 decreases and,
preferably, is terminated, in particular automatically, due to
the air leakage, e.g. between the pump piston 31 and the
cylinder 32 and/or between port 34/seal 35 and container
base 22. To achieve a desired leakage, there can be provided
radial play between the pump piston 31 and the cylinder 32
and/or a respective leakage channel or passage 41, e.g. in the
seal 35 or valve 40 or pump piston 31.

[0150] The air pump 30 and the fluid pump 5 work/
pressurize preferably alternately and/or act preferably on
different parts of the nebulizer 1. In particular, the air pump
30 is adapted to pressurize the liquid 2 contained in the
container 3 and the fluid pump 5 is adapted to pressurize the
liquid 2 contained in the pressure chamber 11.

[0151] Mostly preferred, the air pump 30 pressurizes air
and, thus, the liquid 2 in the container 3, when/during
tensioning or loading the nebulizer 1 and/or during/for
withdrawal of a dose of the liquid 2 from the container 3, and
the fluid pump 5 pressurizes the dose of liquid 2 that has
been withdrawn from the container 3 and/or is located in the
pressure chamber 11 when/during/for dispensing or nebu-
lizing the dose of liquid 2.

[0152] FIG. 5 shows in a partial enlargement of FIG. 1 the
air pump 30 in the lower part of the nebulizer 1/housing part
18. FIG. 6 shows an enlargement of FIG. 5 in the area of the
valve 40.

[0153] In the shown embodiment, the air pump 30 or
pump piston 31 is preferably provided with the leakage
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passage 41 as schematically shown in FIG. 5. However, this
leakage passage 41 is optional.

[0154] Preferably, the leakage passage 41 or any other air
leakage, such as the optional/preferred radial play between
the pump piston 31 and the cylinder 32, forms a throttle
which is dimensioned such that the flow resistance is suf-
ficiently high to create a sufficiently high air pressure during
the tensioning stroke and is sufficiently low so that pressur-
ized air can escape relatively quickly in the tensioned state
from the pump chamber 39 into the housing 19 and/or
environment so that the air pressure is quickly decreased in
the tensioned state to avoid any undesired liquid flow in the
tensioned state of the nebulizer 1 before firing (actuating
blocking element 8 to initiate nebulization). According to
another embodiment, that will be described later with ref-
erence to FIGS. 15 to 20, a seal 54 or sealing device 57
acting between the pump piston 31 and the cylinder 32 might
(temporarily) provide or open the leakage passage 41
between the pump piston 31 and the cylinder 32.

[0155] After actuating or firing the nebulizer 1, preferably
by actuating or pressing element 8, the pressure generator or
fluid pump 5 pressurizes and dispenses the previously with-
drawn dose of the liquid 2 while the container 3 is moving
in opposite direction and finally retracting from the air pump
30 and/or pump piston 31/port 34/seal 35.

[0156] The return spring 36 and/or any other return means
biases or moves the pump piston 31 preferably back into its
initial position. This ensures a defined operation of the air
pump 30 and/or supports the dispensing stroke and/or pre-
vents or reduces the occurrence of any negative force or
holding effect acting on the container 3 during the dispens-
ing stroke, i.e. during an upward movement in FIG. 2.
[0157] The air pump 30 may be provided or connected
with the valve 40 allowing prompt and/or easy re-filling of
the air pump 30 and/or preventing any underpressure in the
air pump 30, e.g. during the dispensing or actuation stroke
of the nebulizer 1, so that any negative influence of the air
pump 30, such as a holding force acting opposite to the
dispensing movement of the container 3, is securely pre-
vented.

[0158] In FIGS. 5 and 6, the valve 40 is shown, but it is
only optional, i.e. the valve 40 could be omitted.

[0159] In the preferred embodiment, the valve 40 in par-
ticular comprises a valve element 42 which is preferably
formed as a unitary plastic part.

[0160] The valve 40 or valve element 42 preferably forms
or comprises an inlet, duckbill or one-way/check valve 43
which opens to avoid or at least minimize any underpressure
in the air pump 30 or pump chamber 39 during the dispens-
ing stroke, i.e. when the pump piston 31 moves back from
its actuated position shown in FIG. 2 to its initial position
shown in FIGS. 1 and 5.

[0161] Preferably, the valve 40 or valve element 42 or inlet
valve 43 comprises—in particular two—flexible portions
42A as schematically indicated in FIG. 6.

[0162] Preferably, the portions 42 have two flat areas that
can assume a duckbill form in the closed position shown in
FIG. 6 wherein the free ends of the portions 42A contact
each other to close valve 43.

[0163] However, other constructional solutions are pos-
sible as well, in particular wherein the valve 40, valve
element 42 and/or inlet valve 43 is dome-like shaped and/or
curved and/or at least essentially hemispherical, as will be
described with reference to FIG. 9.
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[0164] The valve 40/43 and, in particular, the portions 42A
open preferably very easily (i.e. at very low pressure dif-
ference between the ambient pressure and the pressure in the
pump chamber 39) by flexing apart from each other in order
to allow ambient air to flow into the pump chamber 39 in
order to prevent any underpressure in the pump chamber 39.
With other words, the valve 40 and, in particular, the
portions 42A form preferably the inlet valve or check valve
43 in the present embodiment.

[0165] Preferably, the valve 40/43 and, in particular, the
portions 42A can return to its closed position automatically,
preferably due to a restoring force, and/or already due to a
low pressure difference with higher pressure in the pump
chamber 39 than in the environment.

[0166] During the nebulizing stroke, the return spring 36
moves the pump piston 31 starting from the actuated posi-
tion back into its initial position. During this return travel,
the air pump 30 or pump piston 31 keeps the seal 35 in
contact with the container base 22 until the initial position
and/or stop 33A is reached. During this return movement,
the pump chamber 39 expands and would generate a sig-
nificant underpressure so that aeration is advantageous. In
particular, the aeration or inlet valve 43 prevents the occur-
rence of any (relevant) underpressure during this return
travel or movement.

[0167] The valve 40 or inlet/check valve 43 is connected
to the atmosphere preferably via an opening 45, here formed
in the optional insert 33, and/or via a channel 46 which is
preferably formed in the housing part 18 and may open to
the bottom or environment.

[0168] Alternatively or additionally, a channel 47 may be
formed in the housing part 18 as schematically shown by a
dashed line in FIG. 5, and/or in the insert 33 for fluidically
connecting the inside of the nebulizer 1 or its housing 19
with the valve 40 or inlet/check valve 43 to allow ventilation
or aeration of the air pump 30 or its pump chamber 39,
namely to allow (only) air flow into the pump chamber 39.
[0169] The valve 40 or valve element 42 or another valve
of the nebulizer 1 or air pump 30 preferably comprises or
forms a control valve 44 for controlling or limiting the air
pressure acting on the liquid in the container 3 and/or
provided or reached by the air pump 30.

[0170] In the shown embodiment, the control valve 44 is
preferably formed like an umbrella and/or covers one or
more outlet openings 48 as schematically shown in FIG. 6.
[0171] The control valve 44 opens preferably when a
predetermined or desired air pressure is reached in the air
pump 30 or pump chamber 39. Thus, a defined or maximum
air pressure is provided for pressurizing the liquid 2 in the
container 3.

[0172] The control valve 44 opens and closes preferably
automatically, in particular in response to a pressure differ-
ence between the environment and the pump chamber 39 so
that ambient air (or air from the inside of the nebulizer 1 with
ambient pressure) can flow into the pump chamber 39,
preferably with a very low or non-relevant flow resistance.
In the opposite flow direction, the control valve 44 prefer-
ably closes and/or prevents any flow. However, the control
valve 44 could also allow a defined leakage flow in this
opposite direction to form the air leakage and/or so that e.g.
the leakage passage 41 can be omitted.

[0173] The preferred controlling or limiting of the air
pressure provided by the air pump 30 to a maximum air
pressure (i.e. to a maximum value above the ambient air
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pressure) results in the advantage that the liquid 2 in the
container 3 is pressurized with a desired and/or predeter-
mined pressure independent from the filling level of the
container 3, i.e. independent from the air volume of the
container 3.

[0174] In the shown embodiment, the valve 40, the inlet/
check valve 43 and/or control valve 44 are preferably
located in or at the pump chamber 39 or bearing part 38.
However, other constructional solutions are possible as well.
[0175] Preferably, the valve 40 or its valve element 42
forms both, the inlet/check valve 43 and the control valve
44, to simplify the construction.

[0176] Mostly preferred, the valve 40, the inlet/check
valve 43 and the control valve 44 are formed integrally
and/or in one piece.

[0177] It is also possible that the seal 35 forms the valve
40, inlet/check valve 43 and/or control valve 44 or vice
versa.

[0178] In the embodiment shown in FIG. 5, the optional
aeration device 18A is preferably arranged within or adja-
cent to the port 34 and/or seal 35 and/or at or adjacent to the
pump piston 31 and/or bearing part 37. In particular, the
aeration device 18A or its needle is held by radial ribs, an
insert or the like cooperating or connected with the pump
piston 31, bearing part 37 or the like.

[0179] Inthe shown embodiment, the aeration device 18A
is arranged preferably at or within the port 34, seal 35 and/or
bearing part 37, but allows a sufficient or unrestricted air
flow therethrough. For this purpose, only few radial ribs
might be provided and/or the aeration device 18A or its
needle can be hollow.

[0180] As already mentioned, either the container 3 as
shown in FIG. 3 or the container 3 as shown in FIG. 4 can
be used with the nebulizer 1 shown in FIGS. 1 and 2. If the
container 3 according to the second embodiment shown in
FIG. 4 is used, the seal 35 of the air pump 30 should be
adapted so that it abuts against the end or base 22 of the
container 3, and not within the opening for the fluid piston
28.

[0181] In particular, the container 3 may comprise a
modified end 49, here shown in FIG. 4 as an additional part,
ring, sleeve or the like attached to the casing 20. This
modified end 49 may form an annular end face or base 22 of
the container 3 with which the seal 35 may cooperate.
[0182] However, other constructional solutions are pos-
sible. For example, the container 3 might be provided with
the seal 35 instead of air pump 30 or pump piston 31.
[0183] Alternatively, the pump piston 31 can be directly
connected or connectable with the container 3 or its base 22.
In this case, the return spring 36 can be omitted similar to the
second embodiment described below.

[0184] In the following, a second embodiment of the
nebulizer 1 will be described with reference to the further
drawings, wherein the description will focus on differences
and new aspects and features so that the previous description
shall apply in addition or in a similar manner even if not
repeated.

[0185] FIG. 7 shows a lower portion of the second
embodiment of the nebulizer 1 with the container 3 accord-
ing to the second embodiment in the non-tensioned state, i.e.
an enlargement similar to FIG. 5, but with a modified air
pump 30. FIG. 8 shows the nebulizer 1 and container 3
according to the second embodiment in a similar section, but
in the tensioned state.
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[0186] The nebulizer 1 according to the second embodi-
ment uses the container 3 according to the second embodi-
ment shown in FIG. 4.

[0187] In the second embodiment, the container 3, in
particular its modified end 49, forms or is used as the pump
piston 31. The container 3 cooperates with the cylinder 32
preferably formed by the housing part 18 or insert 33 so that
a piston/cylinder arrangement for pressurizing the liquid 2 in
the container 3 and/or for pumping air into the container 3
to help withdrawing the liquid 2 in doses from the container
3 is formed.

[0188] Here, the pump chamber 39 is formed between the
container 3 or its base 22 and the cylinder 32/insert 33.
[0189] The container 3 or its modified end 49 is moveable
or guided within the cylinder 32, preferably with very low
friction and/or a (little) radial play forming a desired air
leakage and making it possible to avoid the optional defined
leakage passage 41.

[0190] In the second embodiment, the air pump 30 acts
directly on the fluid piston 28 in order to pressurize the
liquid 2 in the variable volume 4 of the container 3.
[0191] In the second embodiment, the valve 40 is prefer-
ably constructed similar as in the first embodiment and/or
provides the same functionality.

[0192] In the second embodiment, the aeration channel 47
is formed preferably in the insert 33.

[0193] The container 3 or fluid piston 28 preferably com-
prises a recess 28A so that the valve 40 arranged on the
bottom or base of the pump chamber 39 can protrude into the
recess 28A in the tensioned state when the container 3 is
completely filled, i.e. when the fluid piston 28 is in its
first/lower axial (end) position at or adjacent to the container
base 22.

[0194] Generally, the diameter of the pump chamber 39 or
cylinder 32/pump piston 31 is preferably larger than the
diameter of the bag/volume 4 in the container 3 to ensure a
great pressure increase/amplification and/or high pump vol-
ume.

[0195] The present invention or air pump 30 prevents that
any or at least any relevant underpressure can occur in the
liquid 2 in the container 3 when a dose of the liquid 2 is
withdrawn or sucked from the container 3. Thus, it can be
ensured that always the same volume is withdrawn from the
container 3.

[0196] In particular, the shown or proposed containers 3
allow an adaptation of the variable or collapsible/compress-
ible volume 4 for the liquid 2 (here by collapsing the bag or
movement of the fluid piston 28) in response to any pressure
difference, in particular in response to any underpressure
acting on the liquid 2 in the container 3 or volume 4. For the
adaptation of the volume 4, in particular for collapsing the
bag or moving the fluid piston 28, a certain pressure differ-
ence must be applied in order to overcome any inertia and/or
friction or adhesion. The preferably temporary or only
short-term pressurization of the variable volume 4, prefer-
ably by means of the air pressure or air pump 30, helps or
supports to achieve the desired/required pressure difference
to decrease the volume 4. Thus, any underpressure can be
avoided in the volume 4 during the withdrawal of a dose of
the liquid 2 from the container 3.

[0197] Preferably, a pressure pulse—in particular pro-
vided by the nebulizer 1 or air pump 30—acts on the
variable volume 4 or the liquid 2 in the container 3 at the
beginning and/or during the tensioning of the nebulizer 1
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and/or withdrawal of liquid 2 from the container 3. This
helps withdrawing the liquid 2 in doses from the container
without forming or growing of any gas bubble within the
liquid 2/container 3.

[0198] FIG. 9 shows in a partial section similar to FIG. 7
the nebulizer 1 according to the second embodiment with
inserted container 3 according to the second embodiment in
the non-tensioned state with a modified valve 40. In this
modified version, the valve 40 is preferably dome-like
shaped, curved and/or at least essentially hemispherical.
[0199] The modified valve 40 provides preferably the
same functionality as the previously described versions
and/or controls or limits the (maximum) air pressure in the
pump chamber 39 and/or allows ambient air to flow into the
pump chamber 39 in order to prevent any underpressure in
the pump chamber 39.

[0200] Preferably, the valve element 42 of the modified
valve 40 comprises slits and/or flexible portions 42A (pref-
erably the portions 42A form sectors of a disk/circle in top
view of the valve element 42).

[0201] As already mentioned, the valve 40 preferably
comprises or forms both, the inlet valve 43 and the control
valve 44. In particular due to the dome-like shape of the
valve 40, the valve 43 and the control valve 44 preferably
comprise a common air passageway and/or a common valve
element 42, in particular common flexible portions 42A.
[0202] The valve 40 and, in particular, the portions 42A
open preferably very easily (i.e. at a very low pressure
difference between the ambient pressure and the pressure in
the pump chamber 39) towards the interior of the air pump
30 or pump chamber 39 in order to allow ambient air to flow
into the pump chamber 39 in order to prevent any under-
pressure in the pump chamber 39. With other words, the
valve 40 and, in particular, the portions 42A preferably form
the inlet valve or check valve 43 described above.

[0203] Preferably, the valve 40 and, in particular, the
portions 42A can flex or open to the outside, i.e. away from
the interior of the air pump 30, and allow air to escape from
the pump chamber 39 only if the pressure inside the pump
chamber 39 is significantly higher than the ambient air
pressure, i.e. only if the pressure difference reaches or
exceeds a maximum value corresponding to a maximum air
pressure. With other words, the valve 40 and, in particular,
the portions 42A preferably form the control valve 44 as
described above.

[0204] As already mentioned, the nebulizer 1 preferably
comprises the control valve 44 which is preferably adapted
to open automatically when the pressure in the air pump 30,
in particular its pump chamber 39, exceeds a (first) maxi-
mum value above the ambient pressure and/or which is
preferably adapted to close automatically when the air
pressure in the air pump 30, in particular its pump chamber
39, corresponds to a (second) maximum value above the
ambient pressure.

[0205] Further, the nebulizer 1 preferably comprises the
inlet valve 43 which is preferably adapted to open automati-
cally when the air pressure in the air pump 30, in particular
pump chamber 39, is below the ambient pressure and/or
which is preferably adapted to close automatically when the
air pressure in the air pump 30, in particular the pump
chamber 39, corresponds to the ambient pressure.

[0206] Preferably, the valve 40, in particular the portions
42A, form(s) both, the control valve 44 and the inlet/check
valve 43.
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[0207] Preferably, the valve 40 and, in particular, the
portions 42A is/are adapted to flex/open towards the interior
of'the air pump 30, in particular the pump chamber 39, more
easily, i.e. by exerting a lower force, than towards the
outside, i.e. away from the interior of the air pump 30 or
pump chamber 39.

[0208] Preferably, the valve 40 and, in particular, the
portions 42A is/are adapted to flex/open towards the interior
of the air pump 30 or pump chamber 39 due to a pressure
difference between the air pump 30 or pump chamber 39 and
the atmosphere/environment that is lower than the pressure
difference needed to flex/open the valve 40 and, in particu-
lar, the portions 42A towards the outside and/or away from
the interior of the air pump 30 or pump chamber 39.
[0209] Mostly preferred, the valve 40 and, in particular,
the portions 42A is/are adapted to open and close within two
different operating/pressure ranges, namely a first operating/
pressure range and a second operating/pressure range, pref-
erably wherein the second operating/pressure range is below
the first operating/pressure range.

[0210] Preferably, the first operating range is above the
ambient pressure and the second operating range is below
the ambient pressure.

[0211] In the first operating/pressure range the valve 40, in
particular the portions 42A, flex(es)/open(s) preferably
towards the outside of and/or away from the interior of the
air pump 30 or pump chamber 39, in particular in order to
reduce the air pressure in the air pump 30 or pump chamber
39.

[0212] In the second operating/pressure range the valve
40, in particular the portions 42A, flex(es)/open(s) prefer-
ably towards the inside of air pump 30 or pump chamber 39,
in order to increase the air pressure in the air pump 30 or
pump chamber 39.

[0213] Preferably, the force/pressure difference (across the
valve 40) needed to open the valve 40 and, in particular, the
portions 42A, depends on the opening direction of the valve
40.

[0214] The directional properties of the valve 40 and, in
particular, the portions 42A are preferably achieved by the
dome-like shape of the valve 40.

[0215] Preferably, due to the additional force needed to
push the tips of the portions 42A past each, a higher force,
i.e. pressure difference, is needed to open the valve 40 to the
outside of and/or away from the interior of the air pump 30
or pump chamber 39 than into the other direction. However,
the directional properties can also be achieved otherwise,
e.g. by using anisotropy, enforcements and/or notches,
grooves or the like within the portions 42A.

[0216] In particular due to the valve 40 or inlet valve 43
and/or the reduced/throttled air flow therethrough, the nebu-
lizer 1 and/or the movement of the container 3—in particular
during nebulization and/or priming—is preferably (addition-
ally) damped, preferably such that the force is reduced with
which the container 3 is stopped during nebulization, in
particular when being used for the first time and/or when air
in particular in the conveying tube 9 and/or pressure cham-
ber 11 is pushed out of the nebulizer 1 (so called priming).
With other words, the valve 40 or inlet valve 43 serves as a
damper within the nebulizer 1 or air pump 30. In this way,
shaking of the liquid 2 and/or foam formation is prevented
or reduced.

[0217] The nebulizer 1, housing part 18, air pump 30 or
valve 40 is provided preferably with a support/throttle
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element 50, such as a ring with a radial slit or the like, in
order to support or secure the valve element 42, in particular
from below and/or in a respective opening in the insert 33,
and/or to throttle the inlet and/or outlet air path. However,
other constructional solutions are possible as well.

[0218] In the shown embodiment, the air passage 41 is not
realized by a separate or additional bore or hole e.g. in the
insert 33 as shown in FIGS. 7 and 8 or in the pump piston
31 as indicated in FIG. 5, but by a preferred and defined
radial play between the cylinder 32 on one hand and the
pump piston 31/modified end 49 on the other hand.

[0219] As in the previous embodiments, the leakage pas-
sage 41 allows a relatively slow (in comparison to the
pressure increase during the tensioning movement or actua-
tion of the air pump 30) pressure compensation or equal-
ization between the pump chamber 39 and the ambient air
pressure, preferably within about 2 to 10 s, most preferably
within about 4 to 6 s.

[0220] Further, the radial play avoids or minimizes the
friction between the container 3 and the cylinder 32 so that
a negative force acting against the nebulization movement is
avoided as such negative force might negatively influence
the nebulization process.

[0221] In the following, a third embodiment of the con-
tainer 3 and nebulizer 1 will be described with reference to
the further drawings wherein the description will emphasize
differences and a new aspect so that the previous features
and aspects apply preferably in addition or in a similar
manner even if not repeated.

[0222] FIG. 10 shows a schematic section of the third
embodiment of the container 3. FIG. 11 shows in a sche-
matic section a lower part (similar to FIGS. 5 and 7 to 9) of
a third embodiment of the nebulizer 1 with the container 3
according to the third embodiment in the non-tensioned
state. FIG. 12 shows a similar section of the lower part as
FIG. 10, but in a tensioned state.

[0223] The container 3 preferably comprises the fluid
piston 28 axially moveable in the container 3 or its casing
20. In particular, the fluid piston 28 is axially moveable
depending on the volume of liquid 2 contained in the
container 3 or the variable or collapsible/compressible vol-
ume 4 formed therein.

[0224] The piston 28 preferably comprises a substantial
axial extension, of about 50% or more of the diameter of the
cylindric volume 4 to prevent any undesired tilting of the
fluid piston 28 because tiling might result in blocking the
axial movement of the fluid piston 28.

[0225] The fluid piston 28 comprises the central recess
28A which opens here preferably towards the volume 4 or
closure 25 in order to optimize or maximize the filling
volume of the container 3 with liquid 2.

[0226] In the third embodiment, the air pump 30 is pref-
erably arranged or located in the container 3 or its casing 20.
[0227] The container 3, air pump 30 or piston 31 prefer-
ably comprises the valve 40, inlet valve 43 and/or control
valve 44 as already described.

[0228] The valve 40 or valve element 42 is preferably
inserted in a corresponding through-hole or opening of the
pump piston 31 and/or is preferably self-retentive or self-
mounting.

[0229] In particular, the functionality of the valve 40, inlet
valve 43 and/or outlet/control valve 44 is the same as already
described with reference to the other embodiments.
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[0230] Preferably, a seal 54 is arranged between the pump
piston 31 and the cylinder 32 formed by the inner side of the
container 3 or its casing 20. The seal 54 may be formed by
a ring, lip or the like and/or extend around pump piston 31,
in particular in a respective annular groove on the circum-
ference of the pump piston 31.

[0231] The pump piston 31 is biased into its initial posi-
tion or axial (end) position shown in FIG. 10 by the return
spring 36 or any other suitable biasing means.

[0232] The pump piston 31 preferably comprises a recess
or annular shoulder or the like as bearing part 38 for
receiving and/or guiding the associated end of the return
spring 36.

[0233] The other end of return spring 36 is held by the
bearing part 37 which is preferably located within and/or
integrated into the container 3 or its casing 20. Preferably,
the bearing part 37 is ring-like and/or provides a preferably
central opening 53 for connecting the pump chamber 39
(which is formed between the pump piston 31 and the
bearing 37 and surrounded by the cylinder 32) to the rest of
the container 3 so that pressurized air can flow towards or act
on the liquid 2, variable volume 4 and/or fluid piston 28.
[0234] Preferably, the return spring 36 is arranged
between the fluid piston 28 and the pump piston 31 and/or
extends through or (only) in the pump chamber 39.

[0235] The valve 40, valve element 42, inlet valve 43
and/or control valve 44 are preferably located centrally
and/or within or in alignment with the return spring 36
and/or at one axial end of the return spring 36.

[0236] The container 3, its casing 20 or the modified end
49 preferably forms an axial stop for the pump piston 31, in
particular such that the pump piston 31 is inseparable from
the container 3 and/or cannot move outside the cylinder 32.
[0237] The container 3, air pump 30 or pump piston 31
preferably comprises an actuation element 51 for actuating
the pump piston 31.

[0238] Preferably, the actuation element 51 is formed
unitary with the pump piston 31 and/or is inseparable from
the container 3 and/or air pump 30.

[0239] In the shown embodiment, the actuation element
51 is preferably formed as a hollow cylinder which extends
in axial direction or alignment outside the container 3 or its
casing 20.

[0240] Preferably, the actuation element 51 comprises at
least one venting passage 52 allowing an air exchange of the
valve 40, 43 and/or 44 with the environment via the hollow
actuating element 51 and the at least one venting passage 52.
However, other constructional solutions are possible as well.
[0241] The actuation element 51 and the pump piston 31
are preferably unitary or integrally formed and/or are made
preferably of plastics.

[0242] FIG. 11 shows a section of a lower part of the
nebulizer 1 with the container 3 in the non-tensioned state.
In this state, the container 3 is in its upper position axially
most distant from the housing part 18, in particular from its
axial bottom or end. In this state, the pump piston 31 might
already be pushed a little bit inwards into the container 3
and/or upwards in FIG. 11 in order to ensure that the
actuation element 51 always abuts with its axial free end on
the axial end or bottom of the housing part 18.

[0243] FIG. 12 shows the lower part of the nebulizer 1 and
container 3 in a similar section as FIG. 11, but in the
tensioned state. Here, the container 3 has moved (more) into
the housing part 18 and/or with its free end or modified end
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49 towards to the axial bottom or end of the housing part 18.
Consequently, the actuation element 51 and, thus, the pump
piston 31 have been axially moved relative to the container
3 to reduce the volume of the pump chamber 39 and/or to
pressurize air for pressurizing the liquid 2 in the container 3
when withdrawing a dose of liquid 2 from the container 3
during the tensioning movement (here downward move-
ment) of the container 3.

[0244] Thus, the air pump 30 pressurizes air when ten-
sioning or loading the nebulizer 1.

[0245] Preferably, the axial end or modified end 49 of the
container 3 guides the actuation element 51 radially so that
the pump piston 31 cannot tilt.

[0246] Generally, it is preferred that the absolute maxi-
mum air pressure of the air pump 30 or pump chamber 39
(this pressure is reached just when the nebulizer 1 reaches
the tensioned state) returns automatically and/or gradually to
the ambient air pressure within 10 s, in particular about 8 s,
preferably about 6 s or less. This return time depends on the
dimension of the air leakage and/or construction of the valve
40.

[0247] Preferably, the (relative) maximum air pressure
(i.e. the pressure difference between the air pressure in the
air pump 30/pump chamber 39 and the environment) is more
than 80 mbar, in particular more than 100 mbar, and/or less
than 300 mbar, in particular less than 200 mbar.

[0248] Generally, friction occurs between the fluid piston
28 and the casing 20/cylinder 32. This is known as “glide
force”. When a dose of liquid 2 is withdrawn from the
container 3, an underpressure occurs. This underpressure
“sucks” the fluid piston 28 inwards.

[0249] When the container 3 has not been used for a long
time an additional friction force known as “break loose
force” can occur so that the fluid piston 28 sticks to the
cylinder wall.

[0250] By means of the air pump 30 and/or the application
of air pressure during the tensioning, the glide force and in
particular the break loose force can be overcome.

[0251] Preferably, the container 3, its casing 20 or the
cylinder 32 can be made of glass or provide an inner surface
of glass in order to reduce the friction and in particular the
glide force and/or break loose force.

[0252] Alternatively or additionally, the inner surface of
the cylinder 32 can be provided with a glide agent, such as
silicone, and/or a baking of silicone or the like, in order to
reduce the friction and in particular the glide force and/or
break loose force.

[0253] In particular, a uniform coating preferably of oil
can be produced by baking. Such a film is more stable on the
inner surface of the cylinder 32 and remains in place even
when the container 3 is filled with the liquid 2.

[0254] Preferably, the container 3 or casing 20 or inner
surface of the cylinder 32 is baked or covered with silicone.
This is done preferably just before filling the container 3
with the liquid 2. Prior to the filling, the baked container 3
is preferably sterilized.

[0255] The present invention allows, supports or ensures a
very precise metering and/or facilitates to keep the volume
of the dispensed doses highly constant. Further, it can
prevent the formation or growing of any gas bubble within
the liquid 2 or bag/variable volume 4. This allows also a
minimization or reduction of the total volume of liquid 2
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initially provided in the container 3 even if a very high
number of doses such as 100 or 150 doses or more are
provided.

[0256] FIG. 13 shows schematically in a diagram different
pressure progressions as a function of actuations (number of
dispensed doses of liquid 2) for the nebulizer 1/air pump 30
according to the first embodiment (shown in FIGS. 1, 2 and
5) with the container 3 according to the first embodiment
(shown in FIG. 3).

[0257] The X axis denotes the number of actuations. The
axis starts with “0” which means that no dose of liquid 2 has
been withdrawn or dispensed from the container 3, i.e. the
container 3 or its volume 4 is completely filled at this point.
[0258] TheY axis denotes the pressure in bar. The pressure
of 1.0 bar represents or corresponds to the normal pressure
(ambient air pressure) in the calculation.

[0259] As already mentioned, a certain pressure difference
must be applied to overcome any inertia and/or friction or
adhesion to ensure the desired collapse of the variable
volume 4, here the bag, of the container 3 so that any
underpressure in the variable volume 4 can be avoided or at
least minimized during withdrawal of a dose of the liquid 2
and/or so that a very precise/defined and in particular
constant volume of liquid 2 is withdrawn during each
tensioning stroke or pump process or loading of the fluid
pump 5. This pressure difference is particularly between 40
mbar and 100 mbar and has been assumed to be 70 mbar in
the shown diagram. This is reflected by curve C4 which
shows the absolute pressure corresponding to the desired or
assumed pressure difference of 70 mbar which should be
reached or exceeded to ensure or facilitate precise metering
as explained.

[0260] The curves C1 to C3 show different calculations of
the pressure progression under different conditions. The
progression of curve C1 has been confirmed by respective
experiments (without valve 40/43). Further, the values used
for the calculations correspond to the sample used for
experiments.

[0261] The curves C1 to C3 show the maximum air
pressure that is reached during an actuation or tensioning.

[0262] In all cases, the air volume of the container 3 is
about 2 ml at the beginning and the pump volume of the air
pump 30 is about 3.5 ml.

[0263] For curve C1, the total volume of the air pump 30
is about 5 ml and the volume of each dose of withdrawn
liquid 2 is 15 microliters.

[0264] For curve C2, the total volume of the air pump 30
is about 10 ml and the volume is 15 microliters for each dose
of liquid 2 that is withdrawn during each actuation. In
particular, the effective length of the cylinder 32/insert 33 is
doubled/varied in order to double/vary the total volume of
the air pump 30.

[0265] For curve C3, the same volume, i.e. about 10 ml, is
the total volume of the air pump 30, wherein the volume of
each dose of liquid 2 is 30 microliters.

[0266] It is visible that all three curves C1 to C3 lie
significantly above the desired minimum curve C4 so that
the desired minimum pressure (difference) is reached or
exceeded and precise metering can be expected or sup-
ported.

[0267] The difference between curve C1 on one hand and
curves C2 and C3 on the other hand shows that the total
volume of the air pump 30, of an air buffer (the total air
volume, i.e. sum of air pump 30 and completely filled
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container 3 minus the pump volume of the air pump 30, i.e.
about 3.5 ml for C1 and about 8.5 ml for C2 and C3) and/or
of both, the air pump 30 and container 3, influences the
dependency on the number of actuations, in particular such
that the gradient of the curves C2 and C3 is less than the
gradient of curve C1 with lower total volume/air buffer.
Therefore, a higher total air volume/air buffer may be
advantageous to achieve a more uniform operation.

[0268] Further, the above comparison shows that the lower
total air volume leads to a higher air pressure level which
might lead to undesired liquid leakage. Thus, the control of
the air pressure—preferably by means of valve 40 or
43—might be advantageous in particular in this case. How-
ever, the effect of the optional valve 40/43 has not been
considered in curves C1 to C3.

[0269] The comparison of curves C2 and C3 shows that
the influence of the volume of the withdrawn dose of the
liquid 2 is relatively small in comparison to the influence of
the total air volume, but with higher volume of each dose the
curve C3 declines faster than the curve C2 with smaller
volume of each dose.

[0270] FIG. 14 shows schematically in another diagram
the pressure progression as a function of the actuations for
the nebulizer 1/container 3/air pump 30 according to the
third embodiment shown in FIGS. 10 to 12.

[0271] The X axis denotes the number of actuations. The
axis starts with “0” which means that no dose of liquid 2 has
been withdrawn or dispensed from the container 3, i.e. the
container 3 or its volume 4 is completely filled at this point.
[0272] The Y axis denotes the force or pressure difference
acting on the fluid piston 28 to pressurize the liquid 2 in the
container 3/volume 4. The Y axis uses a scale which is
proportional to the actual pressure or force values.

[0273] For curve C5, the pump volume of the air pump 30
is about 1.4 ml and the total air volume of the container 3
including the volume of the air pump 30 is about 1.55 ml at
the beginning with completely filled container 3. Further, a
dose of 15 pl is withdrawn or discharged during each
actuation.

[0274] The curve C5 has been calculated based on the
above values and shows the maximum force or pressure
difference which acts on the fluid piston 28 during an
actuation or tensioning.

[0275] The curve C5 shows a very strong dependency or
steep gradient, in particular at the beginning. Consequently,
the (maximum) air pressure (difference) and force acting on
the fluid piston 28 and, thus, on the liquid 2 in the container
3 varies highly with the actuations or over the time of usual
use of the container 3.

[0276] The high dependency or high gradient mentioned
above results in particular from the minimal or little air
buffer (difference between the total air volume and the pump
volume; here caused by a minimum gap or air space between
the pistons 28 and 31 even with completely filled container
3) at the beginning, i.e. with completely filled container 3.
Thus, increasing the air buffer can be advantageous, but
reduces the available volume 4 for the liquid 2 when the total
size of the container 3 is kept constant. Thus, it might be
very helpful to control or limit the maximum air pressure, in
particular by means of the valve 40 or 43, so to keep the
force or pressure difference acting on the fluid piston 28 and
on the liquid 2 in the container 3 at a desired level. However,
the effect of the optional valve 40/43 has not been consid-
ered in curve C5.
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[0277] The diagram of FIG. 14 shows schematically as
curve C6 a desired minimum force or pressure difference
which should be reached or exceeded in order ensure that a
potential break loose force for moving the fluid piston 28 is
(surely) overcome.

[0278] In the following, further preferred embodiments of
the nebulizer 1/container 3 will be described with reference
to FIGS. 15 to 26, wherein only relevant differences of new
aspects/features are described or emphasized and wherein
the previous explanation and description applies preferably
additionally or correspondingly even without repetition. In
particular, the nebulizer 1/container 3 according to FIGS. 15
to 26 might comprise one or several features described with
reference to FIGS. 1 to 14, in particular to FIGS. 3 and 7 to
9, or vice versa.

[0279] FIG. 15 shows in a schematic section another
preferred embodiment of the nebulizer 1 in the delivery/
unused state. FIG. 16 shows the nebulizer 1 when being
used/tensioned for the first time, i.e. when the seal 26
attached to the axial end of the container 3 is opened. FIG.
17 shows a partial enlargement of the nebulizer 1 in order to
illustrate the opening of the seal 26. FIG. 18 shows the
nebulizer 1 after being activated, i.e. after nebulization of a
dose of the liquid 2, and, thus, in the non-tensioned state.
[0280] The delivery/unused state of the nebulizer 1/con-
tainer 3 is preferably the state in which the nebulizer
1/container 3 is delivered from the factory.

[0281] Preferably, the nebulizer 1 is not tensioned in the
delivery/unused state of the nebulizer 1.

[0282] Mostly preferred, the container 3, in particular its
seal 26, is intact/unopened/unpierced in the delivery/unused
state of the container 3. Preferably (in case of a container 3
with a fluid piston 28), the fluid piston 28 sits flush with the
axial end of the container 3, casing 20 and/or pump piston
31 in the delivery/unused state of the container 3.

[0283] As already mentioned, the insert 33 is preferably
attached to the housing part 18 in a force-fit and/or form-fit
manner and/or by glueing, welding or the like. The FIGS. 15
to 18 illustrate a possible form-fit connection between the
insert 33 and the housing part 18, preferably wherein the
insert 33 is clipped into the housing 18. For example, the
insert 33 might be equipped with a protrusion 33B and the
housing part 18 with a corresponding recess 18B or vice
versa, preferably wherein the protrusion 33B protrudes into
the recess 18B when the insert 33 is clipped into the housing
18. However, other constructional solutions are possible as
well.

[0284] As already mentioned, the container 3 might be
provided with an (axial) seal 26, preferably wherein the seal
26 covers or seals the container 3, in particular its axial end
or base 22, mostly preferred the gap between the pump
piston 31 and the cylinder 32.

[0285] The seal 26 serves as a barrier against contamina-
tion, e.g. dust, and/or can be used as a quality seal and/or
label and/or might comprise notes or user instructions.
[0286] In the embodiment shown in FIGS. 15 to 18, the
seal 26 is embodied as a ring, in particular such that the
(first) recess 28 A is axially accessible and/or not covered by
seal 26. However, other constructional solutions are possible
as well, in particular wherein the seal 26 covers the entire
axial end of the container 3, as will be described later.
[0287] Preferably, the seal 26 is attached to the bottom/
axial end of the container 3. In the current embodiment, the
seal 26 is preferably attached, e.g. adhered, to the fluid
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piston 28 on the one hand and the casing 20 and/or pump
piston 31 on the other hand. In this way, no parts fall off
when the seal 26 is opened. However, other solutions are
possible as well, as will be described later with reference to
FIGS. 20 to 23.

[0288] The nebulizer 1 preferably comprises an opening
device 55 for opening the seal 26, preferably when using/
tensioning the nebulizer 1 for the first time.

[0289] In particular, the opening device 55 is adapted to
pierce or cut open the seal 26, preferably between the pump
piston 31 and the cylinder 32 and/or in a circular/annular
manner and/or around the axis A and/or such that air can
flow through the seal 26.

[0290] Preferably, the opening device 55 comprises one or
several features of the aeration device 18A as described with
reference to FIG. 5.

[0291] Preferably, the opening device 55 comprises at
least one opening element 56, preferably wherein the open-
ing element 56 comprises a sharp/tapered end/tip in order to
open, pierce or cut open the seal 26.

[0292] In the current embodiment, the opening device 55,
in particular opening element 56, is embodied as a ring,
preferably wherein the opening device 55 or opening ele-
ment 56 extends around the valve 40. However, other
constructional solutions are possible, in particular wherein
the opening device 55 or opening element 56 is embodied as
a spike or set of spikes, as will be described with reference
to FIGS. 20 to 24.

[0293] The opening device 55 is preferably attached/
connected to the housing part 18, cylinder 32, insert 33
and/or valve 40, preferably in a form-fit and/or force-fit
manner and/or by welding. In particular, constructional
solutions are possible wherein the opening device 55 is
formed integrally with the housing part 18, cylinder 32,
insert 33 and/or valve 40, as will be explained later with
reference to FIG. 23.

[0294] According to another preferred embodiment, the
opening device 55 is spring-mounted for tolerance compen-
sation.

[0295] Preferably, the opening device 55, in particular its
opening element 56, protrudes into the pump chamber 39, in
particular axially and/or from a side opposite to the pump
piston 31 and/or the fluid piston 28.

[0296] In the current embodiment, the valve 40 protrudes
preferably further into the pump chamber 39 than the
opening device 55. With other words, the valve 40 is higher
than the opening device 55 or its opening eclement 56.
[0297] As already mentioned, the fluid piston 28 can
comprise a (central) recess 28A on a side turned away from
the volume 4, i.e. facing the pump chamber 39, or on a side
facing the volume 4, i.e. turned away from pump chamber
39.

[0298] In the embodiment shown in FIGS. 15 to 18, the
fluid piston 28 comprises two recesses 28 A, 28B on different
sides, i.e. a (first) recess 28 A on a side turned away from the
volume 4 and/or facing the pump chamber 39 and a (second)
recess 28B on a side facing the volume 4 and/or turned away
from the pump chamber 39.

[0299] Preferably, the first recess 28A is adapted to axially
receive the valve 40, inlet valve 43 and/or control valve 44,
in particular such that the container 3, pump piston 31 and/or
base 22 can be moved axially towards the bottom of the
housing part 18, cylinder 32 and/or insert 33, in particular
towards the opening device 55, without interfering with
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and/or contacting the valve 40, inlet valve 43 and/or control
valve 44 and/or such that the opening device 55 can open/
pierce the seal 26.

[0300] In particular, due to the first recess 28A it is
possible to open/pierce the seal 26 by means of the opening
device 55 although the valve 40 is higher than the opening
device 55. However, other constructional solutions are pos-
sible as well. In particular, the opening device 55 might
protrude further into the pump chamber 39 than the valve 40.
For example, the valve 40 could be embedded into the insert
33 or housing part 18, in particular such that the opening
device 55 protrudes further into the pump chamber 39 than
the valve 40. In such an embodiment, the seal 26 could cover
the entire axial end of the container 3.

[0301] Preferably, the opening device 55, the opening
element(s) 56, the valve 40 and/or the first recess 28A are
concentrically arranged, preferably wherein the (outer)
diameter of the preferably annular/circular arranged opening
device 55 or its opening elements 56 is larger than the (outer)
diameter of the valve 40 and/or first recess 28A, in particular
such that the opening device 55 or its opening element(s) 56
open(s)/cut(s)/pierce(s) the seal 26 in/along a circle that is
concentrical to the valve 40 and/or first recess 28A and/or
comprises an (outer) diameter that is larger than the (outer)
diameter of the valve 40 and/or first recess 28A.

[0302] Mostly preferred, the container 3, in particular its
casing 20, and/or the fluid piston 28 comprise(s) a preferably
circumferential/circular recess 3A to (axially) receive the
opening device 55, in particular its opening element(s) 56,
preferably wherein the recess 3 A is arranged on a surface of
the container 3, in particular its casing 20, and/or the fluid
piston 28 facing the opening device 55, in particular its
opening element(s) 56. In this way, opening/piercing of the
seal 26 is facilitated and the opening device 55, in particular
its opening element(s) 56, do (es) not hit rigid material.
Further, due to a circumferential/circular recess 3A the
orientation of the container 3 relative to the opening device
55, in particular its opening element(s) 56, is irrelevant.

[0303] The (second) recess 28B is preferably adapted to
axially receive the closure 25, in particular its axial end,
mostly preferred the conveying tube 9 (not shown) or a
preferably funnel-shaped connection/port (not shown) for
the conveying tube 9 extending through the closure 25,
preferably wherein the conveying tube 9 or a connection/
port extends only a few mm into the volume 4 or is flush
with the closure 25. Further, due to the (second) recess 28B
the volume 4 is increased.

[0304] Preferably, the fluid piston 28 serves as an axial
seal for the closure 25 and/or is adapted to close/seal the
container 3, in particular closure 25, from the inside and/or
when the fluid piston 28 reaches the closure 25 and/or is
moved axially against the closure 25.

[0305] Mostly preferred, the (second) recess 28B is
adapted to seal/close the closure 25 when the fluid piston 28
is axially moved into its upper axial (end) position.

[0306] Due to the (second) recess 28B it is possible to
increase the volume 4 and, thus, the number of doses that
can be withdrawn from the volume 4 and/or container 3.
Further, the container 3, in particular the closure 25, can be
closed from the inside when the fluid piston 28 reaches its
upper axial (end) position and cannot be moved further
towards the closure 25. In this way, a leakage can be
prevented, e.g. when the container 3 is removed.
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[0307] Another advantage of the recesses 28 A, 28B is the
weight reduction without a reduction of the (radial) contact
surface of the fluid piston 28 and, thus, without increasing
the risk to twist/tilt the fluid piston 28 within the container
3/casing 20.

[0308] Further, the elasticity of the fluid piston 28 is
increased (in particular when being made out of elastomer,
thermoplastic and/or thermoset, mostly preferred of rubber),
in particular such that the fluid piston 28 fits sealingly into
the container 3 or casing 20, preferably such that an (addi-
tional) seal 29 can be omitted, as will be described with
regard to FIGS. 20 to 23.

[0309] As already mentioned, the fluid piston 28 prefer-
ably comprises a (radial) seal 29, preferably wherein the seal
29 acts between the fluid piston 28 and the casing 20.
Preferably, the seal 29 is embodied as a seal ring, i.e. O-ring,
a sealing lip, a—preferably two-component injection—
molded seal or the like.

[0310] Mostly preferred, the seal 29 is placed into a
circumferential groove of the fluid piston 28.

[0311] As best seen in enlargement shown in FIG. 17, the
seal 29 might be equipped with an axial play. In particular,
the groove containing the seal ring might be broader/wider
than the seal ring, in particular such that the fluid piston 28
or its base body can be moved axially relative to the casing
20 without moving the seal 29 relative to the casing 20. In
this way, a (remaining) pressure difference between the
volume 4 and the pump chamber 39 can be balanced or
reduced, in particular after tensioning and/or actuating the
nebulizer 1.

[0312] In the present embodiment, the fluid piston 28
preferably comprises several, here two, seals 29, preferably
wherein the seals 29 are axially spaced apart from each
other.

[0313] As already described in particular with reference to
the embodiment shown in FIGS. 10 to 12, the nebulizer 1 or
container 3 can comprise a (radial) seal 54 that is arranged
between the pump piston 31 and the cylinder 32 and/or that
acts between the pump piston 31 and the cylinder 32, in
particular such that the gap between the cylinder 32 and the
pump piston 31 is sealed.

[0314] The seal 54 is preferably embodied as a seal ring,
i.e. O-ring, a (preferably double) sealing lip, a—preferably
two-component injection—molded seal or the like.

[0315] In the present embodiment, the seal 54 is prefer-
ably an O-ring. However, other solutions are possible as
well, in particular wherein the seal 54 is embodied as a
(double) sealing lip, that is injection molded onto the pump
piston 31 or cylinder 32 and/or protrudes radially from the
pump piston 31 or cylinder 32.

[0316] Preferably, the seal 54 extends around the pump
piston 31, in particular in a circumferential groove thereof.
[0317] Mostly preferred, the nebulizer 1 or container 3
comprises a sealing device 57, preferably wherein a sealing
device 57 comprises or forms the seal 54 and/or acts
between the pump piston 31 and the cylinder 32.

[0318] The sealing device 57, in particular seal 54, is
preferably adapted to compensate tolerances between the
housing part 18, cylinder 32 or insert 33 on the one hand and
the container 3, casing 20 or pump piston 31 on the other
hand.

[0319] Preferably, the sealing device 57 comprises/causes
a (variable) sealing effect between the pump piston 31 and
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the cylinder 32, preferably wherein the sealing effect
depends on the direction of movement of the pump piston 31
relative to the cylinder 32.

[0320] Preferably, the sealing device 57 is adapted to
increase the sealing effect, to close the gap between the
pump piston 31 and the cylinder 32 and/or to seal the pump
piston 31 against the cylinder 32 during withdrawal of a dose
of the liquid 2 from the container 3 or volume 4 and/or
during tensioning the nebulizer 1 and/or when the pump
piston 31 is moved towards the bottom of the housing part
18.

[0321] Preferably, the sealing device 57 is adapted to
decrease the sealing effect, to loosen the seal 57 and/or to
open the gap between the pump piston 31 and the cylinder
32 during pressurizing the dose of the liquid 2 for nebuli-
zation and/or during dispensing the dose of the liquid 2
and/or when the pump piston 31 is moved towards the
mouthpiece 13.

[0322] Mostly preferred, the pump piston 31 is only sealed
against the cylinder 32 and/or the pump chamber 39 is only
closed by means of the sealing device 57 or its seal 54 during
tensioning/cocking/loading of the nebulizer 1 and/or when
the pump piston 31 is moved towards the bottom of the
housing part 18 and/or when the air pump 30 is to be used.
[0323] The sealing device 57 is preferably adapted to
apply a (variable) force/pressure on the seal 54, the pump
piston 31 and/or the cylinder 32, and/or a variable friction
between the pump piston 31 and the cylinder 32, in particu-
lar wherein the force/pressure/friction level depends on the
direction of movement of the pump piston 31 relative to the
cylinder 32.

[0324] Preferably, the sealing device 57 is adapted to
increase the force/pressure/friction between the pump piston
31 and the cylinder 32 depending on the direction of
movement of the pump piston 31 within the cylinder 32.
[0325] Mostly preferred, the sealing device 57 is adapted
to increase the force/pressure/friction between the pump
piston 31 and the cylinder 32 during withdrawal of a dose of
the liquid 2 from the container 3 or volume 4 and/or during
tensioning the nebulizer 1 and/or when the pump piston 31
is moved towards the bottom of the housing part 18.
[0326] Mostly preferred, the sealing device 57 is adapted
to decrease the force/pressure/friction between the pump
piston 31 and the cylinder 32 during pressurizing the dose of
the liquid 2 for nebulization and/or during dispensing the
dose of the liquid 2 and/or when the pump piston 31 is
moved towards the mouthpiece 13.

[0327] With other words, the sealing device 57 provides
two different sealing states/positions. In a first sealing state/
position, shown in FIGS. 15 to 17, the pump piston 31 is
sealed against the cylinder 32, preferably with high force/
pressure, and/or a strong seal, i.e. a seal having a high
(mechanical) strength, between the pump piston 31 and the
cylinder 32 is established.

[0328] In a second sealing state/position, shown in FIG.
18, the pump piston 31 is sealed against the cylinder 32 with
less force/pressure than in the first sealing state/position or
no force/pressure at all. In the second sealing state/position,
the seal between the pump piston 31 and the cylinder 32 has
preferably a lower (mechanical) strength than in the first
sealing state/position.

[0329] Due to the sealing device 57, i.e. the variable
sealing effect, it is possible to reduce/minimize the impact of
the air pump 30 on the dispensing/nebulizing process. In
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particular, the container 3 can be moved with less frictional
resistance during the dispensing/nebulizing process (than
during the tensioning/loading process and/or fluid with-
drawal).

[0330] The sealing device 57 preferably comprises a (cir-
cumferential) groove 58, preferably wherein the groove 58
extends around the pump piston 31 or cylinder 32.

[0331] Preferably, the seal 54 is arranged in the groove 58.
[0332] The groove 58 is preferably broader than the seal
54, in particular such that the seal 54 is (axially) movable
within the groove 58, i.e. up and down. With other words,
the sealing device 57 comprises preferably an axial play, in
particular such that a seal 54 can move axially within the
groove 58.

[0333] As best seen in FIG. 17, the groove 58, in particular
its width, is preferably tapered and/or comprises preferably
a (radial) depth that varies along its axial extension, i.e.
along its width.

[0334] The depth of the sealing device 57, in particular
groove 58, is preferably the radial extent of the groove 58.
The width of the sealing device 57, in particular groove 58,
is preferably the axial extent of the groove 58.

[0335] Generally, the terms “radial” and “axial” relate
preferably to the main/central axis A of the nebulizer 1 or
container 3.

[0336] Preferably, the main/central axis A of the nebulizer
1 or container 3 is the longitudinal, rotational and/or motion
axis of the—preferably cylindrical and/or elongated—nebu-
lizer 1 or container 3.

[0337] In particular, the main/central axis A is formed or
defined by the reciprocating movement and/or the main/
longitudinal extension of the nebulizer 1 or container 3
and/or the main direction of nebulization.

[0338] Preferably, the groove 58 deepens towards the
bottom or base 22 of the container 3 and/or tapers towards
the head 21 of the container 3.

[0339] When the container 3 and/or the pump piston 31 is
moved downwards, i.e. towards the bottom of the housing
part 18 and/or away from the mouthpiece 13, and/or during
tensioning of the nebulizer 1 (as shown in FIGS. 15 to 17),
the seal 54 is preferably moved into the contrary direction
within the groove 58, i.e. upwards, and/or into the narrower
portion of the groove 58 and/or is pressed with a greater
force against the pump piston 31/cylinder 32. This increases
the force/pressure/friction and/or the sealing effect between
the pump piston 31 and cylinder 32, in particular such that
no air can leak from the pump chamber 39 through the gap
between the pump piston 31 and cylinder 32.

[0340] When the container 3 and/or the pump piston 31 is
moved upwards, i.e. away from the bottom of the housing
part 18 and/or towards the mouthpiece 13, and/or during
dispensing/nebulizing a dose of the liquid 2 (as shown in
FIG. 18), the seal 54 moves preferably downwards in the
groove 58 and/or into its deeper portion. In this way, the seal
54 is pressed with less force against the pump piston
31/cylinder 32. Thus, the force/pressure/friction and/or the
sealing effect between the pump piston 31 and cylinder 32
is decreased. In particular, the container 3 can be moved with
less frictional resistance during the dispensing/nebulizing
process, i.e. due to the variable friction of the sealing device
57 it is possible to reduce/minimize the impact of the air
pump 30 on the dispensing/nebulizing process.

[0341] Further, the sealing device 57 can be adapted to
provide an air passage between the pump piston 31 and
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cylinder 32 and/or to unseal/open the gap between the pump
piston 31 and cylinder 32 during nebulization and/or dis-
pensing the dose of the liquid 2, in particular such that air
can leak through the gap between the pump piston 31 and the
cylinder 32.

[0342] Optionally, the nebulizer 1, in particular the air
pump 30, comprises a pressure control device 59, hereafter
referred to as the control device 59, preferably for pressure
compensation and/or wherein the control device 59 is
adapted to control and/or limit the air pressure within the air
pump 30 or its pump chamber 39, preferably independent
from the velocity of tensioning/cocking/loading of the nebu-
lizer 1, i.e. the speed with which the housing part 18 is
rotated relative to the upper housing part 16.

[0343] Preferably, the nebulizer 1, in particular the control
device 59, comprises an (over-) pressure means/depressur-
ization means/pressure relief means/valve 60, hereinafter
referred to as pressure relief means 60.

[0344] Preferably, the control device 59 comprises the
pressure relief means 60 and, further, the valve 40, the inlet
valve 43 and/or the control valve 44.

[0345] Mostly preferred, the control device 59, in particu-
lar its pressure relief means 60, is adapted to decrease the air
pressure in the air pump 30 or its pump chamber 39,
preferably dependent on the (axial) position of the container
3 within the nebulizer 1 or housing part 18.

[0346] In contrast to the valve 40, inlet valve 43 and/or
control valve 44, the pressure relief means 60 is activatable/
openable dependent on the (axial) position of the container
3 within the nebulizer 1, in particular housing part 18, and/or
of the pump piston 31 within the cylinder 32 and/or inde-
pendent from the (actual) pressure in the air pump 30 or
pump chamber 39 (whereas the valve 40, inlet valve 43
and/or control valve 44 are/is adapted to open dependent on
the air pressure in the air pump 30 or its pump chamber 39).
[0347] The control device 59, in particular its pressure
relief means 60, is preferably embodied as a bypass or a
bypass channel which is integrated into the pump piston 31
or cylinder 32. Preferably, the control device 59, in particu-
lar its pressure relief means 60, operates and/or is embodied
as an overpressure valve that opens depending on the (axial)
position of the container 3 within the nebulizer 1.

[0348] Preferably, the control device 59, in particular
pressure relief means 60, is formed by a longitudinal/axial
groove within the pump piston 31 or cylinder 32, preferably
wherein the groove extends at least essentially parallel to the
central axis A of the nebulizer 1. However, other construc-
tional solutions are possible as well.

[0349] The control device 59, in particular the pressure
relief means 60, is preferably activated or activatable and/or
opened or openable, when a predefined (axial) position of
the pump piston 31 within/relative to the cylinder 32 is
reached, in particular when the pump piston 31 reaches its
first/lower axial (end) position, and/or (only) during tension-
ing of the nebulizer 1, in particular at the end of the
tensioning process (as shown in FIG. 16).

[0350] Preferably, the control device 59, in particular the
pressure relief means 60, is adapted to bypass the sealing
device 57, in particular seal 54, and/or to pneumatically
connect the air pump 30, in particular its pump chamber 39,
to the atmosphere/environment, in particular such that a
(remaining) overpressure—compared to the ambient pres-
sure—in the nebulizer 1 or air pump 30, in particular its
pump chamber 39, can be compensated.
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[0351] The control device 59, in particular the pressure
relief means 60, is preferably activated and/or opened when
the seal 54 of the sealing device 57 reaches and/or is on the
same level as the pressure relief means 60, in particular the
axial (upper) end of the bypass channel, as shown in FIG. 16.
Preferably, this is the case when the pump piston 31 reaches
its first/lower axial (end) position within the cylinder 32
and/or when the volume of the pump chamber 39 is mini-
mized. However, other solutions are possible as well, e.g.
wherein the pump piston 31 opens a resilient flap or the like.

[0352] When being activated/opened (as shown in FIG.
16), the control device 59, in particular its pressure relief
means 60, bypasses the sealing device 57, in particular seal
54, and/or pneumatically connects the air pump 30, in
particular its pump chamber 39, to the atmosphere/environ-
ment and/or decreases the pressure in the air pump 30 or its
pump chamber 39 to ambient pressure, preferably abruptly,
e.g. within less than one second, preferably less than 0.5
seconds.

[0353] The control device 59, in particular pressure relief
means 60, is preferably adapted to compensate the over-
pressure generated during the tensioning process and/or by
the air pump 30 and, thus, helps to protect the nebulizer 1
and/or container 3 against damages that might be caused by
a high air pressure maintained in the nebulizer 1, in particu-
lar pump chamber 39, and/or to prevent leakage of the
nebulizer 1, e.g. after tensioning of the nebulizer without
immediate nebulization.

[0354] With other words, the control device 59, in par-
ticular the pressure relief means 60, is preferably adapted to
temporarily open the pump chamber 39, and/or to tempo-
rarily connect the air pump 30, in particular its pump
chamber 39, to the atmosphere/environment, in particular at
the end of the tensioning process. Thus, the pump chamber
39 is preferably only temporarily closed during the tension-
ing process.

[0355] Due to the control device 59 and/or the combina-
tion of the pressure relief means 60 on the one hand and the
valve 40/control valve 44 on the other hand, the air pressure
within the air pump 30 or its pump chamber 39 is limited/
controlled by two different mechanisms during tensioning of
the nebulizer 1. First, the air pressure is limited to a
maximum value defined by the valve 40/control valve 44.
Second, the air pressure is (abruptly) reduced to ambient
pressure, when a predefined axial position of the pump
piston 31 within the cylinder 32 is reached and/or when the
tensioning process ends.

[0356] Further, the value of the air pressure within the air
pump 30 or its pump chamber 39 is limited/controlled
independent from the velocity of tensioning/cocking/loading
of'the nebulizer 1, i.e. the speed with which the housing part
18 is rotated relative to the upper housing part 16.

[0357] FIG. 19 shows schematically in a diagram the
pressure progression as a function of the axial position of the
container 3 within the housing part 18 and/or of the pump
piston 31 within the cylinder 32, in particular as a function
of the axial displacement of the container 3 during the
tensioning process starting from the non-tensioned state.
The values shown have been determined experimentally.

[0358] The X-axis denotes the axial position or displace-
ment of the container 3 and/or pump piston 31 in mm. It
starts with “0” which means that the container 3 and/or
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pump piston 31 has not been moved out of its non-tensioned
state, i.e. towards the bottom of the nebulizer 1 or housing
part 18.

[0359] The Y-axis denotes the pressure in bar within the
pump chamber 39. The pressure of 1.0 bar represents or
corresponds to the normal pressure or ambient air pressure
PA. Preferably, the pressure depends on the volume dis-
placed by the pump piston 31.

[0360] During the tensioning process, the air pressure
within the nebulizer 1, in particular air pump 30 or its pump
chamber 39, increases, preferably until the first maximum
value P1 is reached. In the present diagram, the first maxi-
mum value P1 is reached when the container 3 has been
moved by approximately 2.65 mm.

[0361] The first maximum value P1 is preferably above
the ambient pressure PA and/or above the second maximum
value P2, mostly preferred above 2 bar and/or below 3 bar.
In the present diagram, the first maximum value P1 corre-
sponds to approximately 2.7 bar.

[0362] When the first maximum value P1 is reached, the
valve 40/control valve 44 opens, in particular such that the
pressure decreases until the second maximum value P2 is
reached. In other words, for increasing air pressure in the air
pump 30/pump chamber 39 the valve 40/control valve 44
opens at a first maximum (pressure) value P1 and in par-
ticular, for decreasing air pressure inside the air pump
30/pump chamber 39 the valve 40/control valve 44 closes at
a second (pressure) value P2 which is lower than P1. Thus,
the control valve 43 limits the air pressure acting on the fluid
piston 28 and, thus, on the liquid 2 in the container 3 to a first
maximum (pressure) value P1.

[0363] Preferably, the second maximum value P2 is above
the ambient pressure PA and/or below the first maximum
value P1, mostly preferred above 1 bar and/or below 2 bar.
In the present diagram, the second maximum value P2
corresponds to 1.8 bar.

[0364] When the second maximum value P2 is reached,
the valve 40/control valve 44 closes, preferably automati-
cally, as already described. In particular, the valve 40/control
valve 44 is closed when the air pressure within the air pump
30/pump chamber 39 is lower than a second value P2 which
is lower than the first maximum value P1.

[0365] When a predefined/certain axial position of the
cylinder 3 within the nebulizer 1 and/or of the pump piston
31 within the cylinder 32 is reached, in the diagram between
2.8 mm and 3 mm starting from the non-tensioned state, the
control device 59 and/or pressure relief means 60 is acti-
vated/opened, in particular such that the air pressure within
the air pump 30 and/or its pump chamber 39 is preferably
abruptly decreased to ambient pressure PA, mostly preferred
within less than one second, 0.5 seconds or 0.1 seconds, as
already mentioned.

[0366] FIGS. 20 to 26 show a further embodiment of the
nebulizer 1 and container 3.

[0367] FIG. 20 shows a schematic section of a lower part
of the nebulizer 1 in the tensioned state. FIG. 21 shows a
partial enlargement illustrating the nebulizer 1 of FIG. 20 in
the delivery state. FIG. 22 shows a partial enlargement
illustrating the nebulizer 1 after being tensioned for the first
time. FIG. 23 shows a schematic section of a lower part of
the nebulizer 1 in the tensioned state similar to FIG. 20, but
with a modified container 3 and a modified air pump 30.
[0368] In contrast to the previous embodiment, the present
embodiment shown in FIG. 20 comprises a fluid piston 28
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that is formed integrally with the seal 29, e.g. by injection
molding. With other words, the fluid piston 28 forms the seal
29, preferably by at least one radial protrusion extending
around the fluid piston 28.

[0369] The term “integrally” preferably means that the
components/parts in question are made of the same material
and/or in one piece. In particular, the components/parts are
(bi-)injection molded and/or manufactured from, e.g. shaped
and/or milled out of, one single block.

[0370] Preferably, the fluid piston 28 is made of plastics,
in particular of elastomer, thermoplastic and/or thermoset,
mostly preferred of (synthetic) rubber, such as butyl rubber.

[0371] As already mentioned, the elasticity of the fluid
piston 28 is (further) increased due to the first recess 28A,
preferably such that the (additional) seal 29 can be omitted
and/or that the fluid piston 28 can easily glide within the
container 3 or its casing 20.

[0372] The (axial) seal 26 covers—in contrast to the
previous embodiment—preferably the entire axial end of the
container 3 and/or pump piston 31.

[0373] In particular in order to prevent any interference
with the valve 40/control valve 44, the seal 26 is preferably
curved, in particular concavely on a side facing the valve 40,
inlet valve 43 and/or control valve 44. Preferably, the seal 26
is dome-like shaped and/or matches at least essentially the
shape of the valve 40.

[0374] Mostly preferred, the seal 26 comprises or forms
the (first) central recess 28A.

[0375] Preferably, the seal 26 is axially spaced apart from
the valve 40, inlet valve 43 and/or control valve 44, in
particular independent from the axial position of the con-
tainer 3 in the nebulizer 1 or housing 19 and/or even when
the container 3 is in its lower/first axial (end) position, in
particular such that air can flow between the valve 40, inlet
valve 43 and/or control valve 44 on the one hand and the seal
26 on the other hand and/or from the valve 40, inlet valve 43
and/or control valve 44 through the at least one hole of the
seal 26 that has been pierced into the seal 26 by means of the
opening device 55.

[0376] Alternatively and/or additionally, the seal 26, in
particular its surface, is provided with grooves, notches or
the like, at least on a side facing the valve 40, inlet valve 43
and/or control valve 44, in order to allow air to flow between
the valve 40, inlet valve 43 and/or control valve 44 on the
one hand and the seal 26 on the other hand and/or from the
valve 40, inlet valve 43 and/or control valve 44 through the
at least one hole of the seal 26 that has been pierced into the
seal 26 by means of the opening device 55.

[0377] Preferably, the seal 26—in contrast to the previous
embodiment—is not attached/fixed to the fluid piston 28
and/or (only) attached/fixed to the pump piston 31 and/or
casing 20, in particular such that the fluid piston 28 is
movable relative to the seal 26.

[0378] The opening device 55, in particular its opening
element 56, is preferably adapted to pierce/perforate the seal
26, in particular only locally/selectively, preferably such that
at least one, preferably several holes are formed in the seal
26, in particular eccentrically, spaced apart from the central
axis A and/or between the fluid piston 28 and the casing 20
or pump piston 31.

[0379] With other words, the central portion of the seal 26
remains connected to the edge portion of the seal 26,
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preferably wherein only the edge portion of the seal 26 is
attached to the pump piston 31, as best seen in FIGS. 21 and
22.

[0380] Preferably, the opening device 55, in particular its
opening element 56, pierces through the seal 26 into the gap
between the casing 20 and fluid piston 28, in particular into
the circumferential/circular recess 3A of the container 3,
casing 20 and/or fluid piston 28, as already mentioned.
Preferably, the casing 20 and/or the fluid piston 28 are/is
accordingly inclined.

[0381] Preferably, the opening device 55 comprises or is
formed by several, here three, opening elements 56, prefer-
ably wherein the opening elements 56 are embodied as
spikes, mostly preferred annularly arranged and/or spaced
apart around the circumference of the preferably ring-shaped
opening device 55 (most preferably wherein the valve 40 is
arranged within a ring defined by the opening device 55). In
particular, the opening elements 56 are arranged around
valve 40.

[0382] The opening device 55 and the valve 40 might be
formed integrally, as shown in the embodiment according to
FIG. 23.

[0383] Alternatively or additionally, the valve 40 and the
(radial) seal 54 acting between the pump piston 31 and the
cylinder 32 might be formed integrally.

[0384] Mostly preferred, the valve 40, the opening device
55, the cylinder 32, the control device 59, in particular the
pressure relief means 60, and/or the seal 54 acting between
the pump piston 31 and the cylinder 32 are formed integrally
and/or in one piece, e.g. by injection molding. This allows
an easy construction and/or an easy and/or quick assembly
of the nebulizer 1.

[0385] Preferably, the pump piston 31 is rotatable relative
to the container 3, in particular its casing 20. In particular,
the pump piston 31 is rotatably held by or connected with the
casing 20 of the container 3.

[0386] In the embodiment shown in FIGS. 20 to 26, the
pump piston 31 is preferably clipped on the casing 20, in
particular such that it can rotate relative to the casing 20.
[0387] Preferably, the pump piston 31 comprises a cir-
cumferential protrusion 31A and the casing 20 comprises a
circumferential corresponding groove 20A or vice versa,
preferably wherein the protrusion 31A is inserted into the
groove 20A, in particular such that the pump piston 31 is
axially held by means of the casing 20.

[0388] Preferably, the protrusion 31A and the groove 20A
extend around the circumference of the pump piston 31 and
the casing 20, respectively.

[0389] Preferably, the nebulizer 1 is at least partially
reusable and/or can be used with several containers 3.
Mostly preferred, the nebulizer 1 can be opened in order to
replace/exchange the container 3, preferably by detaching
the housing part 18. In particular, solutions are possible
wherein the container 3 forms a unit and/or is replaced/
exchanged together with the housing part 18, air pump 30
and/or insert 33.

[0390] As already mentioned, the total number of uses of
the nebulizer 1 and/or the number of containers 3, which can
be used with the same nebulizer 1, is preferably counted/
indicated and/or restricted. The nebulizer 1 preferably com-
prises a device for counting and/or indicating the number of
uses performed or still possible with the nebulizer 1 or for
counting and/or indicating the number of containers 3 that
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have been used or still can be used with the (current)
nebulizer 1. Such a device is shown in FIG. 1 and disclosed
in WO 2004/024340 Al.

[0391] Preferably, the nebulizer 1 or the container 3 com-
prises an (additional) indicator device 61 for counting and/or
indicating a number of uses performed or still possible with
the (current) container 3 or volume 4, e.g. in order to indicate
when the container 3 has to been exchanged/replaced.
[0392] Preferably, the nebulizer 1 might be equipped with
both, a (first) indicator device 61 for counting and/or indi-
cating a number of uses performed or still possible with the
(current) container 3 or volume 4 and a (second) indicator
device for counting and/or indicating a number of uses
performed or still possible with the nebulizer 1 and/or for
counting and/or indicating a number of container 3 that have
been used or still can be used with the (current) nebulizer 1.
However, both devices can be realized independent from
one another.

[0393] The functionality of the indicator device 61 will be
described in the following in particular with reference to
FIG. 24, which shows a perspective view of the partially
sectioned and illustrated nebulizer 1 in the non-tensioned
state.

[0394] The indicator device 61 preferably comprises an
indicator element 62 and an actuator 63 for actuating/
indexing the indicator element 62.

[0395] Preferably, the indicator element 62 is arranged at
the bottom/base 22 of the container 3. In particular, the
indicator element 62 comprises or forms a first axial end
and/or the bottom/base 22 of the container 3 and/or moves
(axially) together with the container 3.

[0396] In particular, the indicator element 62 is rotatably
connected/attached to the container 3, in particular its casing
20. Optionally, the indicator element 62 is only rotatable in
one direction and/or secured against a rotation in one
direction, e.g. by a ratchet or the like (not shown).

[0397] Preferably, the indicator element 62 is ring-shaped,
cylindrical and/or extends around the container 3, in par-
ticular its casing 20. With other words, the indicator device
61, in particular its indicator element 62, surrounds the
casing 20 radially.

[0398] Preferably, the indicator element 62 is embodied as
a hollow cylinder and/or formed in one piece.

[0399] Mostly preferred, the indicator element 62 com-
prises or forms the pump piston 31 or vice versa.

[0400] The indicator element 62 preferably comprises a
marking 62C for indicating the number of uses already
performed or still possible with the respective container 3 or
volume 4.

[0401] The marking 62C is preferably embodied as a
numerical marking and/or a serial of numbers. However,
other solutions are possible as well, e.g. wherein the marking
62C is embodied as a color gradient or the like.

[0402] Preferably, the indicator device 61 comprises an
indicator housing 64, preferably wherein the indicator hous-
ing 64 is at least essentially cylindrical and/or has an at least
essentially cylindrical form and/or wherein the indicator
element 62 is enclosed within the indicator housing 64.
[0403] Preferably, the indicator housing 64 comprises a
window 64A, in particular in its circumferential wall, pref-
erably wherein the marking 62C indicating the current
number of uses performed or still possible with the respec-
tive container 3 is visible through the window 64 A for a user
or patient.
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[0404] The window 64A can be embodied as an opening
within the indicator housing 64, preferably wherein in this
case the window 64A is axially spaced apart from the pump
chamber 39.

[0405] However, other constructional solutions are pos-
sible as well, e.g. wherein the window 64A is formed by a
transparent portion of the indicator housing 64.

[0406] Preferably, the indicator housing 64 is rigidly/
immovably connected to the cylinder 32, insert 33 and/or
housing part 18. Mostly preferred, the indicator housing 64
is rotated together with the inner part 17, housing part 18,
cylinder 32 and/or insert 33 and/or relative to the upper
housing part 16 during tensioning of the nebulizer 1.
[0407] In particular, the housing part 18, cylinder 32
and/or the insert 33 comprises or forms the indicator housing
64, or vice versa.

[0408] The indicator device 61 preferably comprises the
actuator 63 or cooperates with the actuator 63.

[0409] The actuator 63 is preferably rigidly/immovably
connected/attached to the housing part 18, cylinder 32, insert
33 and/or indicator housing 64. Mostly preferred, the actua-
tor 63 is rotated together with the inner part 17, housing part
18, cylinder 32, insert 33 and/or indicator housing 64 and/or
relative to the upper housing part 16 during tensioning of the
nebulizer 1.

[0410] In particular, the housing part 18, cylinder 32,
insert 33 and/or indicator housing 64 comprises or forms the
actuator 63.

[0411] Preferably, the container 3, in particular its casing
20, is rotated together with the inner part 17, housing part 18,
cylinder 32, insert 33, actuator 63 and/or indicator housing
64 and/or relative to the upper housing part 16 during
tensioning of the nebulizer 1.

[0412] Preferably, the container 3, in particular its casing
20, is—in particular radially and/or in a circumferential
direction—hold by and/or—in particular axially—guided
within the housing part 18, cylinder 32, insert 33, actuator 63
and/or indicator housing 64, in particular such that it can
move axially within the housing part 18, cylinder 32, insert
33, actuator 63 and/or indicator housing 64 and/or such that
it is moved/rotated together with the inner part 17, housing
part 18, cylinder 32, insert 33, actuator 63 and/or indicator
housing 64.

[0413] Mostly preferred, the torque is transmitted from the
inner part 17, housing part 18, cylinder 32, insert 33,
actuator 63 and/or indicator housing 64 to the container 3, in
particular its casing 20, such that these components rotate
together relative to the upper housing part 16 during ten-
sioning of the nebulizer 1.

[0414] With other words, preferably only the indicator
element 62 and/or the pump piston 31 can rotate relative to
the inner part 17, housing part 18, cylinder 32, insert 33,
actuator 63 and/or indicator housing 64.

[0415] Preferably, the container 3, in particular its casing
20, comprises a protrusion and the inner part 17, housing
part 18, cylinder 32, insert 33, actuator 63 and/or indicator
housing 64 comprises a corresponding recess (or vice versa),
preferably wherein the protrusion protrudes into the recess,
in particular such that container 3 cannot rotate but move
axially relative to the inner part 17, housing part 18, cylinder
32, insert 33, actuator 63 and/or indicator housing 64. In this
way, the container 3, in particular its casing 20, is preferably
correctly orientated relative to the housing part 18, cylinder
32, insert 33, actuator 63 and/or indicator housing 64.
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[0416] In the present embodiment, the container 3, in
particular its casing 20, comprises a longitudinal protrusion
and the actuator 63 comprises a corresponding recess, as
best seen in FIG. 20. However, other constructional solu-
tions are possible as well.

[0417] Preferably, the container 3 is already (pre-)inserted
in the nebulizer 1, in particular its housing 19, in the delivery
state of the nebulizer 1. However, other solutions are pos-
sible.

[0418] Preferably, the container 3 is exchanged/replaced/
inserted together, i.e. as a unit, with the housing part 18, air
pump 30, insert 33 and/or indicator device 61, in particular
its housing 64, as already mentioned.

[0419] In order to orientate the indicator element 62
relative to the container 3, casing 20, housing part 18, insert
33 and/or indicator housing 64 (e.g. when a (new) container
3 is inserted into the nebulizer 1), the indicator element 62
on the one hand and the container 3, casing 20, housing part
18, insert 33 and/or indicator housing 64 on the other hand
might be provided with marks. However, it is preferred that
the indicator element 62 is already orientated correctly in the
delivery state of the container 3 or of the unit formed by the
container 3, housing part 18, air pump 30, insert 33 and/or
indicator device 61.

[0420] The actuator 63 is preferably adapted to directly or
indirectly, e.g. via a transmission, actuate or index, in
particular rotate, the indicator element 62, preferably step-
wise/incrementally and/or by counting/actuation/indexing
steps.

[0421] The term “actuate” or “index” means preferably
that the indicator element 62 is moved/rotated forward or in
increments or complete (counting) steps, in particular for
counting and/or indicating the number of uses performed or
still possible with the container 3. Mostly preferred, “actu-
ate” or “index” means that the indicator element 62 is
incrementally/stepwise rotated relative to the casing 20,
housing part 18, cylinder 32, insert 33 and/or indicator
housing 64, in particular in order to count a single use of the
nebulizer 1, i.e. the withdrawal and dispensing of dose of the
liquid 2.

[0422] Preferably, only a complete withdrawal and/or
nebulization of a dose of the liquid 2 and/or a complete use
performed is counted as a counting step.

[0423] The actuator 63 is preferably adapted to index/
actuate the indicator element 62, in particular completely,
(only) when the container 3, the pump piston 31 and/or the
indicator element 62 reaches its first/lower axial (end)
position and, further, its second/upper axial (end) position
and/or has reached both axial (end) positions.

[0424] Preferably, the first/lower axial (end) position of
the container 3, pump piston 31 and/or the indicator element
62 is the position in which the container 3, pump piston 31
and/or the indicator element 62 is axially moved as far away
as possible from the mouthpiece 13 and/or as close as
possible to the bottom of the housing part 18, cylinder 32
and/or insert 33 and/or in which the volume of the pump
chamber 39 is minimized and/or in which tensioning of the
nebulizer 1 is completed, as shown in FIG. 20.

[0425] The second/upper axial (end) position of the con-
tainer 3, pump piston 31 and/or the indicator element 62 is
preferably the position of the container 3, pump piston 31
and/or indicator element 62 in which the container 3, pump
piston 31 and/or indicator element 62 is moved as close as
possible to the mouthpiece 13 and/or as far as possible from
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the bottom of the housing part 18, cylinder 32 and/or insert
33 and/or in which the volume of the pump chamber 39 is
maximized and/or in which nebulization process is com-
pleted, as shown in FIG. 24.

[0426] Mostly preferred, the container 3, pump piston 31
and/or indicator element 62 come(s) into contact or engages
with the actuator 63 in the first/lower axial (end) position
and in the second/upper axial (end) position.

[0427] The actuator 63 preferably comprises a first actu-
ating element 63A and a second actuating element 63B,
preferably wherein the actuating elements 63A, 63B are
spaced apart axially from one another and/or orientated in
opposite axial directions.

[0428] Preferably, the actuator 63 is a multi-part, in par-
ticular two-part, component and/or is assembled by several,
in particular two, components, preferably wherein different
components comprise or form the actuating elements 63A,
63B and/or wherein the actuating elements 63A, 63B each
forms a different component.

[0429] Preferably, the first actuating element 63A is pref-
erably rigidly/immovably connected/attached to the housing
part 18, cylinder 32, insert 33 and/or indicator housing 64.
In particular, the housing part 18, cylinder 32, insert 33
and/or indicator housing 64 comprises or forms only the first
actuating element 63A. Mostly preferred, the housing part
18, cylinder 32, insert 33 and/or indicator housing 64 are
formed integrally with the first actuating element 64A.
[0430] Preferably, the second actuating element 63B is
preferably rigidly/immovably connected/attached to the
housing part 18, cylinder 32, insert 33 and/or indicator
housing 64. In particular, the second actuating element 63B
comprises or forms a cap and/or a (radial) bearing part for
the container 3 and/or a (axial) bearing part for the drive
spring 7.

[0431] Preferably, the second actuating element 63B is
axially connected to, in particular inserted into, the housing
part 18, cylinder 32, insert 33 and/or indicator housing 64,
preferably in a form-fit or force-fit manner, as best seen in
FIGS. 20 and 23.

[0432] Preferably, the first actuating element 63A is
adapted to index/actuate/rotate the indicator element 62, in
particular halfway and/or half a (counting) step forward,
(only) in the first/lower axial (end) position and/or when the
container 3, pump piston 31 and/or the indicator element 62
has reached the first/lower axial (end) position and/or when
the indicator element 62 comes into contact/engages with
the first actuating element 63A.

[0433] Preferably, the second actuating element 63B is
adapted to index/actuate/rotate the indicator element 62, in
particular halfway and/or half a (counting) step forward,
(only) in the second/upper axial (end) position and/or when
the container 3, pump piston 31 and/or the indicator element
62 has reached the second/upper axial (end) position and/or
when the indicator element 62 comes into contact/engages
with the second actuating element 63B, as shown in FIG. 24.
[0434] Preferably, the actuating element 63A, 63B are
embodied as (axial)—preferably inclined—protrusions that
extend in the direction of the indicator element 62.

[0435] Mostly preferred, the actuating elements 63 A, 63B
only interact with the indicator element 62 when the latter
approaches the first/lower and second/upper axial (end)
position, respectively.

[0436] The indicator element 62 preferably comprises at
least one gear ring 62A, 62B having a plurality of (inclined)
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teeth, in particular wherein the gear ring 62A, 62B is
arranged on a front face/surface of the indicator element 62
and/or around the casing 20.

[0437] Due to the inclination of the gear ring 62A, 62B, in
particular its teeth, and/or of the actuating element(s) 63 A,
63B an axial movement of the container 3 is transformed in
a rotational movement of the indicator element 62. In
particular, the indicator element 62 is rotated and/or driven
by the actuator 63 when the actuating element(s) 63 A, 63B,
in particular the inclined surface thereof, and the gear ring
62A, 62B, in particular the inclined surface of the tooth
being in contact with the actuating element(s) 63A, 63B,
glide past each other.

[0438] Preferably, the indicator element 62 comprises a
first gear ring 62A and a second gear ring 62B, preferably
wherein the gear rings 62A, 62B are spaced apart axially
from one another and/or orientated in opposite axial direc-
tions. Mostly preferred, the gear rings 62A, 62B are formed
integrally.

[0439] Preferably, the first gear ring 62A interacts (di-
rectly) with the first actuating element 63A when the indi-
cator element 62 approaches the first/lower axial (end)
position.

[0440] Preferably, the second gear ring 62B interacts (di-
rectly) with the second actuating element 63B when the
indicator element 62 approaches the second/upper axial
(end) position, as shown in FIG. 24.

[0441] Mostly preferred, the indicator device 61 is adapted
to carry out a complete indexing/actuation/counting step
and/or to count the withdrawal and/or nebulization of a dose
of'the liquid 2 only when the nebulizer 1 has been tensioned/
loaded completely and, further, when the dispensing process
has been completed successively (i.e. when the nebulization
has taken place).

[0442] In particular, the indicator device 61 only com-
pletes an indexing/actuation step and/or only counts the
withdrawal and/or nebulization of a dose of the liquid 2,
when the container 3, pump piston 31 and/or the indicator
element 62 has reached both axial (end) positions succes-
sively.

[0443] With other words, the movement of the container 3,
pump piston 31 and/or the indicator element 62 into its
first/lower axial position or into its second/upper axial
position causes only that the indicator element 62 is moved/
rotated halfway and/or by half a (counting) step forward. In
this way, an uncompleted tensioning of the nebulizer
1—even when performed several times in a row—is not
counted as a usage of the nebulizer 1/container 3 and, thus,
does not contribute to/manipulate the indicated number of
uses performed or still possible with the container 3 or
volume 4. Thus, an improper handling of the nebulizer 1 will
not result in a wrong counting.

[0444] As already mentioned, the indicator element 62
preferably comprises or forms the pump piston 31 or vice
versa.

[0445] Preferably, the indicator housing 64 comprises or
forms the cylinder 32 or vice versa.

[0446] In particular, the (axial) movement of the pump
piston 31 is used for the actuation of the indicator device 61,
i.e. the indicator element 62, and/or for counting or indicat-
ing the number of uses performed or still possible with the
container 3.

[0447] With other words, the indicator device 61 is pref-
erably integrated into the air pump 30 and/or actuated
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together with and/or driven by the air pump 30. This allows
a simple construction of the nebulizer 1.

[0448] The nebulizer 1, in particular indicator device 61,
preferably comprises a blocking device 65, in particular
wherein the blocking device 65 is adapted to block a further
use of the nebulizer 1 or container 3 in a locked state,
preferably when a predetermined number of uses has been
reached or exceeded with the current container 3.

[0449] Mostly preferred, the container 3 can (only) be
removed/exchanged together with the housing part 18, air
pump 30, insert 33, indicator device 61 and/or blocking
device 65.

[0450] The functionality of the blocking device 65 will be
described in the following with reference to FIGS. 25 and
26, which show a section of the partially illustrated nebulizer
1 in the direction of the axis A.

[0451] Preferably, the blocking device 65 is integrated in
the indicator device 61, in particular in the indicator element
62.

[0452] The blocking device 65 preferably comprises a first
blocking element 65A, a second blocking element 65B
and/or a spring 65C, preferably wherein the spring 65C is
arranged between the first blocking element 65A and the
second blocking element 65B and/or presses against both
blocking elements 65A, 65B.

[0453] Preferably, the indicator device 61, in particular
indicator element 62, comprises an opening 65D, preferably
wherein the blocking device 65 is at least partially arranged
in the opening 65D and/or wherein the opening 65D extends
radially and/or from one side to the other in the indicator
element 62.

[0454] Mostly preferred, the blocking device 65 is rotated
together with the indicator element 62. However, other
constructional solutions are possible as well, e.g. wherein
the blocking device 65 is arranged in the casing 20 and/or
insert 33.

[0455] Preferably, the spring 65C presses the first blocking
element 65A against the housing part 18, cylinder 32, insert
33 and/or indicator housing 64 and/or presses the second
blocking element 65B against the container 3, in particular
its casing 20.

[0456] Preferably, the force exerted by the spring 65C
does not interfere with the movement of the indicator
element 62 or pump piston 31 relative to the container 3,
casing 20, housing part 18, cylinder 32, insert 33 and/or
indicator housing 64.

[0457] FIG. 25 shows the blocking device 65 in the
unlocked state, i.e. when movement of the indicator device
61 or pump piston 31 relative to the container 3, casing 20,
cylinder 32, insert 33 and/or indicator housing 64 is possible
and/or not blocked by the blocking device 65.

[0458] When a certain number of actuations, operations or
discharge doses of the liquid 2 has been reached or
exceeded, in particular when the indicator element 62 has
been rotated by more than 180° or 270° and/or less than 350°
(starting from the delivery/unused state of the nebulizer 1),
the blocking device 65 blocks/locks the nebulizer 1 against
a (further) actuation or use. The locked state of the nebulizer
1 is shown in FIG. 26.

[0459] The indicator element 62 can be rotated around the
axis A and/or relative to the container 3, casing 20, housing
part 18, cylinder 32, insert 33 and/or indicator housing 64
until the blocking device 65, in particular its blocking
elements 65A, 65B, engage(s)—preferably in a form-fit
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manner—with the container 3, housing part 18, casing 20,
cylinder 32, insert 33 and/or indicator housing 64.

[0460] Preferably, the housing part 18, cylinder 32, insert
33 and/or indicator housing 64 comprises a first recess 65E
and/or the container 3, in particular the casing 20, comprises
a second recess 65F, preferably wherein the first recess 65E
is adapted to receive the first blocking element 65A and the
second recess 65F is adapted to receive the second blocking
element 65B, at least in the locked state and/or when a
predetermined number of uses has been reached or exceeded
with the current container 3.

[0461] With other words, the blocking device 65 is
adapted to establish a form-fit connection between the pump
piston 31/indicator element 62 and the container 3/casing 20
on the one hand, in particular by pushing the second
blocking element 65B into the second recess 65F, and
between the pump piston 31/indicator element 62 and the
housing part 18/cylinder 32/insert 33/indicator housing 64
on the other hand, in particular by pushing the first blocking
element 65A into the first recess 65E.

[0462] Individual features, aspects and/or principles of the
embodiments described may also be combined with one
another as desired and may be used particularly in the shown
nebulizer 1, but also in similar or different nebulizers.
[0463] Unlike freestanding equipment or the like the pro-
posed nebulizer 1 is preferably designed to be portable and
in particular is a mobile hand operated device.

[0464] The proposed solution may, however, be used not
only in the nebulizers 1 specifically described here but also
in other nebulizers or inhalers or in other devices for the
delivery of liquid formulations.

[0465] Preferably, the liquid 2 is especially an aqueous
pharmaceutical formulation or an ethanolic pharmaceutical
formulation. However, it may also be some other pharma-
ceutical formulation, a suspension or the like.

[0466] Preferably, the expression liquid is to be broadly
understood to encompass any kinds of such as suspensions,
solutions, liquefied formulations and the like.

[0467] Preferably, the liquid 2 has low vapor pressure
and/or high boiling point, in particular higher than 80° C. or
90° C.

[0468] Preferably, the liquid 2 is propellant-free.

[0469] Preferred ingredients and/or formulations of the
preferably medicinal liquid 2 are listed in particular in WO
2009/115200 Al, preferably on pages 25 to 40, or in EP 2
614 848 A1, paragraphs 0040 to 0087, which are incorpo-
rated herewith by reference. In particular, these may be
aqueous or non-aqueous solutions, mixtures, formulations
containing ethanol or free from any solvent, or the like.

Alternative Embodiments/Combinations

[0470] Further, independent aspects of the present inven-
tion are listed in the following:

1. Nebulizer (1) for nebulizing a liquid (2), comprising:

a preferably replaceable container (3) containing multiple
doses of the liquid (2);

a fluid pump (5) for withdrawing a dose of the liquid (2)
from the container (3) and pressurizing the respective dose
for nebulization;

an air pump (30) associated to the container (3) for pres-
surizing the liquid (2) in the container (3) to help withdraw-
ing the liquid (2) in doses from the container (3); and
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preferably a housing part (18) which can be detached from
the nebulizer (1) or opened for inserting or replacing the
container (3);

characterized in that the air pump (30) comprises or forms
a piston/cylinder arrangement for pumping air into the
container (3) to help withdrawing the liquid (2) in doses
from the container (3).

2. Nebulizer according to aspect 1, characterized in that the
air pump (30) is arranged in the housing part (18).

3. Nebulizer according to aspect 1 or 2, characterized in that
the air pump (30) is connectable or connected to an outer
casing (20), a base (22) and/or a venting hole (23) of the
container (3).

4. Nebulizer according to any one of the preceding aspects,
characterized in that the air pump (30) is actuated by a
relative movement of the container (3) within a housing (19)
of the nebulizer (1).

5. Nebulizer according to any one of the preceding aspects,
characterized in that the container (3) is moveable preferably
stroke-like in the nebulizer (1) when withdrawing a dose of
liquid (2) and/or when pressurizing or dispensing a dose of
the liquid (2).

6. Nebulizer according to any one of the preceding aspects,
characterized in that the container (3) drives a pump piston
(31) of the air pump (30), preferably cooperating with or
moveable in the housing part (18) or an associated cylinder
(32) or insert (33).

7. Nebulizer according to any one of the preceding aspects,
characterized in that during use of the nebulizer (1), the air
pump (30) is only temporarily connected to the container
3.

8. Nebulizer according to any one of the preceding aspects,
characterized in that a relative movement of the container
(3) controls a temporary pneumatic connection of the con-
tainer (3) with the air pump (30).

9. Nebulizer according to any one of the preceding aspects,
characterized in that the air pump (30) comprises a seal (35)
for temporarily connecting to the container (3) or a casing
(20) or base (22) thereof.

10. Nebulizer according to any one of the preceding aspects,
characterized in that the air pump (30) or a port (34) or seal
(35) thereof is preferably axially spaced from the container
(3) when the nebulizer (1) is non-tensioned or after dispens-
ing a dose of liquid (2).

11. Nebulizer according to any one of aspect 1 to 5,
characterized in that the container (3) forms a pump piston
(31) of the air pump (30), preferably cooperating with or
moveable in the housing part (18) or an associated cylinder
(32) or insert (33).

12. Nebulizer according to any one of the preceding aspects,
characterized in that during use of the nebulizer (1), the air
pump (30) and the fluid pump (5) pressurize alternately, in
particular the air pump (30) pressurizes air when tensioning
or loading the nebulizer (1) and the fluid pump (5) pressur-
izes a dose of liquid (2) when dispensing or nebulizing the
dose of liquid (2).

13. Nebulizer according to any one of the preceding aspects,
characterized in that the nebulizer (1) or air pump (30)
comprises a valve (40) limiting or controlling the maximum
air pressure and/or preventing any underpressure in the air
pump (30) or its pump chamber (39).

14. Nebulizer according to any one of the preceding aspects,
characterized in that the container (3) comprises a collaps-
ible bag (4) containing the liquid (2).
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15. Nebulizer according to any one of aspects 1 to 13,
characterized in that the container (3) comprises a rigid
casing (20) and a fluid piston (28) moveable therein forming
a space for directly receiving the liquid (2).

16. Nebulizer (1) for nebulizing a liquid (2), comprising:
a container (3) containing multiple doses of the liquid (2),
a housing part (18) for receiving the container (3), wherein
the container (3) is moveable preferably stroke-like within
the housing part (18) for withdrawing a dose of the liquid (2)
from the container (3) and pressurizing the respective dose
for nebulization, and

an indicator device (61) for counting or indicating a number
of uses performed or still possible with the container (3),
wherein the indicator device (61) comprises an indicator
element (62) and an actuator (63) for actuating and/or
stepwise moving the indicator element (62) directly,
characterized in that the indicator element (62) is rotatably
and inseparately connected to the container (3) or a casing
(20) thereof and that the actuator (63) is rigidly connected to
the housing part (18).

17. Nebulizer according to aspect 16, characterized in that
the container (3) is replaceable.

18. Nebulizer according to aspect 17, characterized in that
with a replacement of the container (3) only part of the
indicator device (61) is exchanged and that the indicator
device (61) is resetted by replacement of the container (3).
19. Nebulizer according to any one of the aspects 16 to 18,
characterized in that the indicator device (61) comprises an
indicator housing (64) preferably with a window (64A),
wherein the indicator housing (64) is formed by or insepa-
rably connected to the housing part (18).

20. Nebulizer according to any one of the aspects 16 to 19,
characterized in that the indicator element (62) is ring-
shaped and/or extends around the container (3), in particular
a casing (20) thereof.

21. Nebulizer according to any one of the aspects 16 to 20,
characterized in that the indicator element (62) is directly
connected to the container (3) or a casing (20) thereof,
preferably in a form-fit manner, and/or that the indicator
element (62) comprises or forms an axial end of the con-
tainer (3).

22. Nebulizer according to any one of the aspects 16 to 21,
characterized in that the actuator (63) is adapted to rotate the
indicator element (62) relative to the container (3) and/or the
housing part (18) stepwise and/or by a counting step in order
to count a use performed with the container (3).

23. Nebulizer according to any one of the aspects 16 to 22,
characterized in that the indicator element (62) comprises at
least one gear ring (62A, 62B) and that actuator (63)
comprises at least one actuating element (63A, 63B), pref-
erably wherein the actuating element (63A, 63B) is adapted
to interact directly with the at least one gear ring (62A, 62B).
24. Nebulizer according to aspect 23, characterized in that
the gear ring (62A, 62B) comprises a saw-tooth-structure
and that the actuating element (63A, 63B) comprises an
inclined surface for interaction with the saw-tooth structure.
25. Nebulizer according to any one of the aspects 16 to 24,
characterized in that the actuator (63), in particular its
actuating element (63A, 63B), is adapted to rotate the
indicator element (62), in particular its gear ring (62A, 62B),
when the container (3) is in an axial end position.

26. Nebulizer according to any one of the aspects 16 to 25,
characterized in that the actuator (63), in particular its
actuating element (63A, 63B), is adapted to rotated the
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indicator element (62) by half a counting step, when the [0485] 14 aerosol

container (3) is in an axial end position. [0486] 15 air supply opening
27. Nebulizer according to any one of the aspects 16 to 26, [0487] 16 upper housing part
characterized in that the indicator element (62) comprises [0488] 17 inner part

two gear rings (62A, 62B), preferably wherein the gear rings [0489] 17A upper part of inner part
(62A, 62B) are spaced apart axially from one another and/or [0490] 17B lower part of inner part

orientated in opposite axial directions. [0491] 17C retaining element
28. Nebulizer according to any one of the aspects 16 to 27, [0492] 18 housing part (lower part)
characterized in that the actuator (63) comprises two actu- [0493] 18A aeration device

ating elements (63A, 63B), preferably wherein the two [0494] 18B recess (of housing part)
actuating elements (63 A, 63B) are spaced apart axially from [0495] 19 nebulizer housing

one another and/or orientated in opposite axial directions. [0496] 20 (outer) casing

29. Nebulizer according to aspect 28, characterized in that [0497] 20A groove (of casing)

the first actuating element (63A) is adapted to rotate the [0498] 21 head

indicator element (62), in particular via its first gear ring [0499] 22 base

(62A), when the container (3) is in a first axial (end) [0500] 23 venting hole

position, in particular by half an counting step, and that the [0501] 24 shell/inner housing
second actuating element (63B) is adapted to rotate the [0502] 25 closure

indicator element (62), in particular via its second gear ring [0503] 26 seal (of container)
(62B), when the container (3) is in a second axial (end) [0504] 27 venting opening
position, in particular by half an counting step. [0505] 28 fluid piston

30. Nebulizer according to any one of the aspects 16 to 29, [0506] 28A first recess (of fluid piston)
characterized in that the nebulizer (1) comprises a blocking [0507] 28B second recess (of fluid piston)
device (65) adapted to block further use of the nebulizer (1) [0508] 29 seal (of fluid piston)

or container (3) when a predetermined number has been [0509] 30 air pump

reached or exceeded with the current container (3). [0510] 31 pump piston

31. Nebulizer according to aspect 30, characterized in that [0511] 31A protrusion (of pump piston)
the blocking device (65) is adapted block a movement of the [0512] 32 cylinder

indicator element (62) relative to the container (3) or a [0513] 33 insert

casing (20) thereof and/or relative to the housing part (18). [0514] 33A stop

32. Nebulizer according to aspect 30 or 31, characterized in [0515] 33B protrusion (of insert)

that the blocking device (65) is adapted to connect the [0516] 34 port

container (3), in particular its casing (20), and the housing [0517] 35 seal (of port)

part (18) in a form-fit manner with each other, preferably by [0518] 36 return spring

at least one blocking element (65A, 65B) extending radially [0519] 37 bearing part

through the indicator element (62). [0520] 38 bearing part
33. Nebulizer according to any one of the aspects 16 to 32, [0521] 39 pump chamber
characterized in that the nebulizer (1) comprises an air pump [0522] 40 valve

(30) for pressurizing the liquid (2) in the container (3) to [0523] 41 leakage passage
help withdrawing the liquid (2) in doses from the container [0524] 42 valve element
3). [0525] 42A flexible portion
34. Nebulizer according to aspect 33, characterized in that [0526] 43 inlet/check valve
the air pump (30) comprises a pump piston (31) and a [0527] 44 control valve
cylinder (32), wherein the indicator element (62) comprises [0528] 45 opening

or forms the pump piston (31). [0529] 46 channel

35. Nebulizer according to aspect 33 or 34, characterized in [0530] 47 channel

that one full pump circle of the air pump (30) corresponds [0531] 48 outlet opening

to one counting step of the indicator device (61). [0532] 49 modified end
[0533] 50 support/throttle element

LIST OF REFERENCE NUMERALS [0534] 51 actuation element
[0471] 1 nebulizer [0535] 52 venting passage
[0472] 2 liquid [0536] 53 central opening.
[0473] 3 container [0537] 54 seal (of pump piston)
[0474] 3A recess (of container) [0538] 55 opening device
[0475] 4 variable/collapsible volume [0539] 56 opening element
[0476] 5 pressure generator/fluid pump [0540] 57 sealing device
[0477] 6 holder [0541] 58 groove
[0478] 7 drive spring [0542] 59 pressure control device
[0479] 8 blocking element [0543] 60 pressure relief means
[0480] 9 conveying tube [0544] 61 indicator device
[0481] 10 non-return valve [0545] 62 indicator element
[0482] 11 pressure chamber [0546] 62A first gear ring
[0483] 12 nozzle [0547] 62B second gear ring

[0484] 13 mouthpiece [0548] 62C marking
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[0549] 63 actuator

[0550] 63A first actuating element
[0551] 63B second actuating element
[0552] 64 indicator housing

[0553] 64A window

[0554] 65 blocking device

[0555] 65A first blocking element
[0556] 65B second blocking element
[0557] 65C spring (of blocking device)
[0558] 65D opening

[0559] 65E first recess

[0560] 65F second recess

[0561] A axis

[0562] C curve

[0563] PA ambient pressure

[0564] P1 first maximum value
[0565] P2 second maximum value
[0566] X axis

[0567] Y axis

1. A nebulizer (1) for nebulizing a liquid (2), comprising:

a preferably replaceable container (3) containing multiple
doses of the liquid (2),

a fluid pump (5) for withdrawing a dose of the liquid (2)
from the container (3) and pressurizing the respective
dose for nebulization,

an air pump (30) for pressurizing the liquid (2) in the
container (3) to help withdrawing the liquid (2) in doses
from the container (3), and

preferably a housing part (18) which can be detached
from the nebulizer (1) or opened for inserting or
replacing the container (3),

characterized in that the air pump (30) comprises or forms
a piston/cylinder arrangement for pumping air into the
container (3) to help withdrawing the liquid (2) in doses
from the container (3).

2. The nebulizer according to claim 1, wherein the air

pump (30) is arranged in the housing part (18).

3. The nebulizer according to claim 1, wherein the air
pump (30) is—in particular pneumatically—connectable or
connected to an outer casing (20), a base (22) and/or a
venting hole (23) of the container (3).

4. The nebulizer according to claim 1, wherein the air
pump (30) is actuated by a movement of the container (3)
within and/or relative to the housing part (18) and/or a
housing (19) of the nebulizer (1).

5. The nebulizer according to claim 1, wherein the con-
tainer (3) is moveable preferably stroke-like in the nebulizer
(1) when withdrawing a dose of liquid (2) and/or when
pressurizing or dispensing a dose of the liquid (2).

6. The nebulizer according to claim 1, wherein the air
pump (30) comprises a pump piston (31) and a cylinder (32),
wherein the pump piston (31) is axially moveable within the
cylinder (32).

7. The nebulizer according to claim 6, wherein the cyl-
inder (32) is formed by the housing part (18) or an insert (33)
attached thereto.

8. The nebulizer according to claim 6, wherein the nebu-
lizer (1), in particular air pump (30), comprises a sealing
device (57) acting between the pump piston (31) and the
cylinder (32), wherein the sealing effect of the sealing device
(57) depends on the direction of movement of the pump
piston (31) relative to the cylinder (32), in particular wherein
the sealing device (57) is adapted to increase the sealing
effect during withdrawing a dose of liquid (2) from the
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container (3) and to reduce the sealing effect when pressur-
izing the dose of the liquid (2) for nebulization.

9. The nebulizer according to claim 1, wherein the air
pump (30), in particular the sealing device (57), comprises
a preferably elastic seal (54) acting between the pump piston
(31) and the cylinder (32), wherein the seal (54) is movably
attached to the pump piston (31).

10. The nebulizer according to claim 9, wherein the
sealing effect of the sealing device (57), in particular its seal
(54), depends on the position of the seal (54), in particular
relative to the pump piston (31).

11. The nebulizer according to claim 9, wherein the air
pump (30), in particular the sealing device (57) or pump
piston (31), comprises a groove (58) for the seal (54),
wherein the groove (58) is tapered and/or comprises a
variable depth, such that the sealing effect varies depending
on the position of the seal (54) within the groove (58).

12. The nebulizer according to claim 1, wherein during
use of the nebulizer (1), the air pump (30) and the fluid pump
(5) pressurize alternately.

13. The nebulizer according to claim 1, wherein the
nebulizer (1), in particular air pump (30), comprises pressure
relief means (60) to decrease the air pressure in the air pump
(30) or its pump chamber (39), wherein the pressure relief
means (60) is adapted to open automatically dependent on
the position of the pump piston (31) within the cylinder (32)
of the air pump (30).

14. The nebulizer according to claim 13, wherein pressure
relief means (60) is embodied as a bypass channel integrated
into the air pump (30), in particular its pump piston (31) or
cylinder (32).

15. The nebulizer according to claim 1, wherein the
nebulizer (1) or air pump (30) comprises a control valve (40)
limiting or controlling the maximum air pressure and/or
preventing any underpressure in the air pump (30) or its
pump chamber (39), preferably wherein opening of the
control valve (40) is pressure-dependent.

16. The nebulizer according to claim 1, wherein the
container (3), in particular its outer casing (20), acts on
and/or drives the pump piston (31).

17. The nebulizer according to claim 1, wherein during
use of the nebulizer (1), the air pump (30) is only tempo-
rarily—in particular pneumatically and/or mechanically—
connected to the container (3), in particular only during
withdrawal of a dose of liquid (2) from the container (3).

18. The nebulizer according to claim 1, wherein a move-
ment of the container (3) controls a temporary pneumatic
connection of the container (3) with the air pump (30).

19. The nebulizer according to claim 1, wherein the air
pump (30), in particular its pump piston (31), comprises a
seal (35) for temporarily connecting to the container (3) or
a casing (20) or base (22) thereof.

20. The nebulizer according to claim 1, wherein the air
pump (30) or a port (34) or a seal (35) thereof is preferably
axially spaced from the container (3) when the nebulizer (1)
is non-tensioned or after dispensing a dose of liquid (2).

21. The nebulizer according to claim 1, wherein the
container (3), in particular its axial end, comprises or forms
the pump piston (31) of the air pump (30).

22. The nebulizer according to claim 1, wherein the

container (3) comprises a collapsible bag (4) containing the
liquid (2).
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23. The nebulizer according to claim 1, wherein the
container (3) comprises a rigid casing (20) and a fluid piston
(28) moveable within the casing (20).

24. The nebulizer according to claim 23, wherein the fluid
piston (28) and the casing (20) form a volume (4) containing
the liquid (2), wherein the volume (4) is reduced or reducible
by an axial movement of the fluid piston (28) within the
casing (20).

25. The nebulizer according to claim 23, wherein the
container (3) comprises a seal (29) acting between the fluid
piston (28) and the casing (20), wherein the fluid piston (28)
and the seal (29) are formed integrally.

26. The nebulizer according to claim 23, wherein the fluid
piston (28) comprises a (first) central recess (28A) on a side
turned away from the volume (4) and/or a (second) central
recess (28B) on a side facing the volume (4).

27. The nebulizer according to claim 1, wherein the
nebulizer (1) comprises an indicator device (61) for counting
or indicating a number of uses performed or still possible
with the container (3), wherein the indicator device (61)
comprises a—ypreferably ring-shaped—indicator element
(62) and an actuator (63) for actuating the indicator element
(62).

28. The nebulizer according to claim 27, wherein the
indicator device (61) is integrated into and/or actuated
together with the air pump (30).

29. The nebulizer according to claim 27, wherein the
indicator element (62) is rotatably connected to the container
(3), in particular its casing (20).

30. The nebulizer according to claim 27, wherein the
indicator element (62) comprises or forms the pump piston
31).

31. The nebulizer according to claim 27, wherein the
actuator (63) is adapted to incrementally rotate the indicator
element (62), when the container (3) or the pump piston (31)
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reaches a first axial (end) position and when the container (3)
or the pump piston (31) reaches a second axial (end)
position.

32. The nebulizer according to claim 27, wherein the
indicator element (62) comprises two gear rings (62A, 62B)
oriented in opposite axial directions and/or that the actuator
(63) comprises two actuation elements (63A, 63B) oriented
in opposite axial directions, preferably wherein each actu-
ating element (63 A, 63B) interacts with a different gear ring
(624, 62B).

33. The nebulizer according to claim 27, wherein the
nebulizer (1) comprises a blocking device (65) adapted to
block further use of the nebulizer (1) or container (3) in a
locked state when a predetermined number has been reached
or exceeded with the current container (3).

34. The nebulizer according to claim 33, wherein the
blocking device (65) is adapted to block a movement of the
indicator element (62) relative to the container (3) or a
casing (20) thereof and/or relative to the housing part (18) of
the nebulizer (1).

35. The nebulizer according to claim 33, wherein the
blocking device (65) is adapted to connect the container (3),
in particular its casing (20), and the housing part (18) in a
form-fit manner with each other, preferably by a blocking
element (65A, 65B) extending radially through the indicator
element (62).

36. The nebulizer according to claim 1, wherein the
nebulizer (1), in particular the air pump (30) or the housing
part (18), comprises or forms an opening device (55)
adapted to open a seal (26) that seals the axial end of the
container (3).

37. The nebulizer according to claim 1, wherein the
cylinder (32), the control valve (40), the sealing device (57)
and/or the opening device (55) are formed integrally.
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