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(54) Liquid droplet spray device having a hydrodynamic valve

(57) The invention concerns a liquid droplet spray
device for atomising a liquid substance and comprises
a housing (1) comprising a cavity (3) for containing a
liquid substance, a perforated membrane (2) having one
or more perforations and covering said cavity (3) such
that said liquid substance may exit the cavity (3) and the
device (D) by traversing the one or more perforations of
said perforated membrane (2), an electromechanical
actuation means (5) for actuating said liquid substance
in said cavity (3) such that said liquid substance under-
goes a vibration and contacts the perforated membrane
(2) thereby traversing the one or more perforations as
a liquid droplet spray, and obturating means disposed
adjacent said perforated membrane, and comprising: a

fluid inlet (16, 36) for receiving a fluid, an extendible vol-
ume element (8, 28), and a hydrodynamic valve (4, 24),
which, in a first position, is in close contact with said per-
forated membrane (2) so as to obturate each of the one
or more perforations of said perforated membrane (2)
when said device is not in use, and which, in a second
position, is removed from said perforated membrane
(2), thereby allowing said liquid substance to contact
said perforated membrane (2) and to exit said device
(D) by traversing the one or more perforations, whereby,
when said fluid or gas enters said fluid inlet (16, 36),
said extendible volume element (8) extends in volume
such that it urges said hydrodynamic valve (4, 24) from
said first position to said second position.
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Description

[0001] The present invention relates to a liquid droplet
spray device suitable for atomising a liquid substance
such as a drug, a fragrance or other aerosolised liquids.
Such a device may be used, e.g., for perfume dispens-
ers, for inkjet printer heads, for deposition of an array or
arrays of droplets on a surface, for fuel injection devices
of an engine or for administrating a nebulized drug to a
patient by means of his or her respiratory system. The
device delivers a liquid substance as a dispersion of at-
omised droplets. More specifically, the present invention
concerns an improved liquid droplet spray device which
efficiently creates and which fully expels a liquid droplet
spray thereby avoiding seepage of the liquid substance
when the liquid droplet spray device is not in use.
[0002] Various devices are known for atomising a liq-
uid. Document EP 0 516 565 describes an ultrasonic
wave nebuliser which atomises water. This apparatus is
used as a room humidifier. Vibration is transmitted
through the water to the water surface from which the
spray is produced. A perforate membrane is provided to
retain the water in absence of oscillation.
[0003] Typically, inhaler devices use the same princi-
ple to atomise the liquid into droplets, see for example
the document WO 95/15822.
[0004] In such devices, the liquid substance is gener-
ally contained in a reservoir or a cavity (chamber) that
is covered by a perforated membrane. When a force is
applied to the liquid substance, typically a vibration
caused by a piezoelectric element acting on the liquid
substance, the liquid substance undergoes the vibration
and contacts the membrane and is expelled as a spray
of droplets.
[0005] However, when such a device is used as a
portable device, for example as a perfume dispenser
where it may be located in a person's handbag, or as a
miniature ambulatory liquid drug spray device, uncon-
trolled forward flow may occur, i.e. the liquid substance
not only contacts the perforated membrane, but, due to
e.g. gravity, seeps through the perforations and exits the
device.
[0006] In order to avoid such uncontrolled flow, or
seepage, it is known to use a valve that is arranged be-
tween the liquid containing cavity and the perforated
membrane. For example, the document WO02/097270
describes a micro-pump that is capable of doing work
upon a fluid by transporting a volume of that fluid from
a first region, the pump inlet, to a second region, the
pump outlet. The device comprises a valve dispose ad-
jacent a perforated plate so as to close the perforations
when the device is not in use. A drive means is further
provided for vibrating and thus displacing the perforated
plate. When the perforated plate moves away from the
valve, liquid may enter the thus created gap and
traverse the perforated plate, but cannot return to the
reservoir from which the liquid originated. The valve
open gap is the difference between the vibration ampli-

tudes of the valve and the perforated plate. However, it
may be understood that such a device does not allow
for a precise dosage as the valve open gap is extremely
small and of very short duration. In fact, when the per-
forated plate starts to vibrate, the valve is supposed to
vibrate in resonance but out of phase so as to allow for
the gap. The liquid should then enter the created gap
and expel from the perforations. The amount of liquid
entering the gap is therefore difficult to predict and the
amount that will be expelled is also not precisely de-
fined. Further, the operation of the device requiring out
of phase vibration of the valve with respect to the per-
forated plate indicates a potential reliability problem of
the operation of the device.
[0007] It is, therefore, an object of the present inven-
tion to provide a liquid droplet spray device which over-
comes the above-mentioned inconveniences and which
allows for a controllable and reliable flow rate thereby
avoiding seepage of the liquid substance when the de-
vice is not is use.
[0008] It is another object of the present invention to
provide such a device that is simple, reliable to manu-
facture, small in size and low in energy consumption and
cost.
[0009] Thus, the present invention concerns a liquid
droplet spray device as defined in the appended claims.
[0010] Thanks to the use of a hydrodynamic valve, it
is possible to ensure a full sealing free of seepage when
the device is not in use and, when using the device, to
provide a predefined gap between the valve and the per-
forated membrane such that it is possible to determine
the amount of liquid substance that will enter the gap to
be expelled from the device.
[0011] It should be noted that the term "hydrodynam-
ic" used in this invention disclosure is used as a general
term, including both hydrostatics and hydraulics, togeth-
er with pneumatics and acoustics. For example, the hy-
drodynamic valve may be a pneumatic valve operated
by pressurised air or other gas, but it may also be a hy-
draulic valve operated by a fluid acting a pressure on
the valve.
[0012] Further, the term "fluid" has a dual meaning
throughout this disclosure of both a gas, such as air, and
a liquid.
[0013] Other features and advantages of the liquid
spray device according to the present invention will be-
come clear from reading the following description, which
is given solely by way of a non-limitative example there-
by referring to the attached drawings in which:

- FIGURE 1 is a schematic cross-section of a liquid
droplet spray device according to the present inven-
tion is a first preferred embodiment, and

- FIGURE 2a to 2b is a schematic cross-section of a
liquid droplet spray device according to the present
invention is a second preferred embodiment.

[0014] An example of a first preferred embodiment will
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be described hereafter while referring to figure 1.
[0015] The liquid droplet spray device according to
the present invention, indicated by general reference D,
consists of a housing 1 separated, for ease of assembly,
in this example into three parts when considering the
cylinder along its longitudinal axis, housing top part 1a,
housing middle part 1b, and housing bottom part 1c.
Preferably, housing 1 has overall symmetry and its top
part 1a is cylinder shaped with a hollow centre portion.
A perforated membrane 2, which may be a thin metal
plate, is located across the hollow portion perpendicular
to the longitudinal axis of the cylinder and fixed in the
inner sidewall of the housing top part 1a by way of re-
taining elements 7 that seal the housing top part 1a.
Preferably, the perforated membrane has the form of a
thin membrane with a central dome section having one
or more perforations there through. Such perforation
may be fabricated for example by laser drilling, electro-
forming or other well known drilling technique. Perforate
membrane 2 is located at a distance from both extrem-
ities of the hollow centre portion such that a top region
2a and a bottom region 2b are defined in the hollow cen-
tre portion along the longitudinal axis of the housing cyl-
inder. The exact position of the membrane depends on
design characteristics, but does not play an essential
role for the present invention. In fact, the bottom region
2b constitutes a part of the cavity that will contain the
liquid substance to be atomised.
[0016] An electromechanical actuator 5, which may
be made of a piezoelectric material, is preferably mount-
ed on perforated membrane 2 and may constitute a ring
concentric with the perforated dome portion of the mem-
brane. Actuator 5 may be mounted on the outer surface
of the membrane, i.e. that surface that faces away from
the cavity. Electrodes, not shown, are provided and are
connected to a driver circuit, not shown, in any conven-
tional manner to actuate the actuator. As such, the ac-
tuator 5 may transmit a vibration as well as a certain
compression to the liquid contained in the cavity. When
the liquid is excited at an appropriate frequency and un-
der the appropriate pressure, it will be ejected as a spray
of droplets through the one or more perforations with a
very low exit velocity. The preferred operation is at the
fundamental resonance frequency of actuator 5 or at
subsequent harmonics.
[0017] Housing middle portion 1b has a through hole
traversing the middle portion along its longitudinal axis.
Thus, the centre of housing middle portion 1b is hollow,
and has a diameter smaller than the hollow centre of the
housing top portion 1a, but sufficiently large to accom-
modate a valve 4, as will be described in detail hereafter.
Middle portion 1b has a top section adjacent housing
top portion 1a that is partly hollow having a space ar-
ranged centrally around the through hole and extending
away from the central through hole and defines a first
space 9 for containing the liquid substance. This space
9 constitutes together with bottom region 2b a cavity 3
for containing the liquid substance that is to be atom-

ised. A liquid substance inlet channel 6 may be provided
in the sidewall of housing middle portion 1b perpendic-
ular to its longitudinal axis for supplying the liquid sub-
stance from a reservoir, not shown, to the cavity 3. Such
reservoir may form part of the device or may be provided
externally, as known from conventional devices. The
bottom section of housing middle portion 1c also has a
space 13. This space 13 is arranged centrally around
the through hole. The middle portion 1b has a protrusion
11 along its inner sidewall extending into space 13 and
against which a part of a main body 4b of valve 4 will
abut thereby defining a first position of the valve, as will
be explained in detail hereafter. Space 13 constitutes
an extendible volume element 8. A fluid inlet channel 16
is provided in the middle portion 1b perpendicular to its
longitudinal axis and allows filling the extendible volume
element 8 with a fluid or a pressurised gas, such as air.
[0018] Housing bottom portion 1c also has a through
hole traversing the bottom portion along its longitudinal
axis. The top part of the through hole is adjacent to
space 13 of housing middle portion 1b and an extension
thereof along the longitudinal axis of the housing bottom
portion 1c. In this example, the lower part of the through
hole is smaller in diameter than the part adjacent space
13, and thus creates a shoulder 17 at the region where
the two through holes adjoin, as shown in figure 1. A
switch 12 may be provided in the inner sidewall of the
housing bottom portion below the shoulder. This switch
may be an electromechanical switch connected to the
driver circuit of actuator 5 and may be triggered by the
main body 4b of the valve 4 when the latter moves away
from its above-mentioned first defined position as will
be explained in detail hereafter.
[0019] Valve 4 is provided in the housing 1 and is ac-
commodated in the central through hole traversing
housing 1. Valve 4 is a hydrodynamic valve, which
means that it may be actuated by pneumatic (gas) or
hydraulic pressure and the like, and comprises a valve
top 4a and a main valve body 4b. When the liquid droplet
spray device D is not in use, valve top 4a is in close
contact with perforated membrane 2 so as to fully seal
the one or more perforations thus preventing any liquid
substance from seeping through any of the membrane
perforations. To this effect, the valve top has a shape
such that it matches that of the perforated membrane.
In this example, the membrane has a dome section that
contains the one or more perforations, so the valve top
has a dome shape so as to obturate the one or more
perforations.
[0020] The main valve body 4b in this example is an
integrally formed object that may be divided for sake of
explanation into three sections: a first thin top section,
a second thick middle section, and a third intermediate
thickness bottom section. The first section is adjacent
the valve top and extending downwards towards space
13 in housing middle portion 1b along the through hole
provided in housing middle portion 1b. A gasket 14 may
be provided between main valve body 4b and the side-
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wall of the through hole to prevent any leakage of liquid
substance or of fluid there through. The diameter of the
main valve body 4b is smaller than that of space 13 so
that space 13 can further be filled with fluid to be pro-
vided through fluid inlet 16. Main valve body 4b has a
middle section, as shown in figure 1, which is substan-
tially of the same diameter as space 13 so that it may
seal space 13. Advantageously, another gasket, which
may be similar to gasket 14, may be provided to ensure
sealing. In fact, the middle section of main valve body
4b may be considered as a flange 18 projecting from the
main valve body beyond the first and the third sections.
The flange 18 is used as a blocking shoulder against
protrusion 11 to define the position of the valve when
the liquid droplet spray device is not in use. Main valve
body 4b further has the lower section that is smaller in
diameter than the through hole traversing housing bot-
tom portion 1c. A projection 15 may be provided on the
lower section that is disposed to contact the switch 12
for activating or deactivating the electromechanical ac-
tuator 5.
[0021] A spring 10 is provided which surrounds the
lower section of main valve body 4b. Spring 10 is fitted
between shoulder 17 of the housing bottom portion 1c
and the flanged middle section 18 of main valve body
4b, as shown in figure 1. By fitting the spring with a slight
pre-tension in this position when the device is not in use,
the flanged middle section 18 of main valve body 4b is
pushed against protrusion 11 of housing middle portion
1b. In this state, the normal non-operating state of de-
vice D, the valve top is then also pushed against perfo-
rated membrane 2.
[0022] Space 13 constitutes a volume element 8 of
predefined size. However, when fluid enters fluid inlet
16, the flanged middle section 18 of main valve body 4a
will be pushed downwards, and it will compress spring
10 and extend the volume of volume element 8, as will
be explained in more detail later. Thus, volume element
8 constitutes an extendible volume element as its vol-
ume may vary.
[0023] The operation of the liquid droplet spray device
according to the first embodiment of the present inven-
tion is as follows.
[0024] When liquid droplet spray device D is not being
used, the valve, i.e. valve top 4a, will lie against and en-
gage with perforated membrane 2 and seal the perfora-
tions such that no liquid substance that may be present
in cavity 3 can seep through the perforations out of the
device. Thus, independent of the position of the device,
a correct sealing, free of seepage is obtained. By allow-
ing fluid, such as pressurised air, to enter extendible vol-
ume element 8 via fluid inlet 16, the volume of this vol-
ume element 8 will increase, as the pressurised air will
push against flange 18 of the main valve body 4b so that
the valve 4 will descend towards a second predefined
operational position. Due to this movement, spring 10
will be compressed against shoulder 17 until it reaches
it maximum compression whereby extendible volume

element 8 thus reaches its maximum volume and the
valve has thus reached its second position. Due to the
downward movement of the valve from its first to its sec-
ond position, the valve top 4a disengages from perfo-
rated membrane 2 thus unblocking the one or more per-
forations. Cavity 3 may hen be filled with liquid sub-
stance that can be provided through inlet 6 from a res-
ervoir. The downward movement further pushes projec-
tion 15 on the main valve body against switch 12 to turn
the switch on. By turning switch 12 on, the driver circuit,
not shown, of actuator 5 will also be turned on so that
actuator 5 will start vibrating. This vibration will cause
membrane 2 to vibrate thus transmitting a vibration to
the liquid substance contained in cavity 3. This then
causes, in a manner well known to the skilled person, a
disturbance in the liquid substance which results in a
flow of the liquid substance through perforated mem-
brane 2 and thus through the one or more perforations
as a spray of droplets. By letting the pressurised air es-
cape from extendible volume element 8, the spring will
urge the valve back to its first position. This will cause
projection 15 to turn switch 12 off, thus also turning off
the actuator driver circuit and the actuator 5 itself. The
device stops atomising air and regains its initial state
with fully sealed perforations.
[0025] The second preferred embodiment will now be
described while referring to figure 2. Similar parts are
indicated by same reference numerals and will not be
further explained.
[0026] As can be seen, the housing is again divided
in this example, for ease of explanation, into three por-
tions, where the housing top portion 21a is identical to
housing top portion 1a of the first embodiment. Here too,
a perforate membrane 2 is fixed in the same way as de-
scribed above for the first embodiment and also has an
electromechanical actuator 5.
[0027] Housing middle portion 21b has a first central
hole for accommodating a hydrodynamic valve 24. An
inlet 6 is further provided traversing the sidewall of hous-
ing middle portion 21b perpendicular to its longitudinal
axis for allowing liquid substance to enter a space 29 in
the liquid droplet spray device D. Valve 24 is disposed
centrally along the longitudinal axis of housing 21 in
space 29 and occupies a substantial part of space 29.
Space 29 is adjacent region 2b of top housing portion
21b and that part of space 29 not occupied by valve 24
together with region 2b constitute a cavity 23 for con-
taining the liquid substance to be expelled as a spray of
droplets. The central hole is sufficiently deep to fully ac-
commodate valve 24 and has a bottom surface delimit-
ing the hole. Housing middle portion has another, sec-
ond, central hole on the bottom side of the middle portion
which extends until the bottom surface of the first central
hole, as shown in figure 2.
[0028] Housing bottom portion 21c is shaped as a let-
ter "T" upside-down where the protrusion corresponds
to and fully first into the second central hole of housing
middle portion 21b. A fluid inlet channel 36 traverses
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housing bottom portion 21c and enters space 29.
[0029] Valve 24 consists of a valve top 24a similar to
valve top 4a of the fist embodiment. A valve main body
24b comprises a rigid section 24b1 adjacent valve top
24a, and a flexible section 24b2. Flexible section 24b is
hollow with flexible sidewalls and has a fluid inlet pas-
sage in its bottom surface. Valve 24 is disposed in space
29 in such a way that all fluid that enters fluid inlet 36
will enter the fluid inlet passage and thus the hollow por-
tion 24b2 of valve main body 24b. Thus, in this second
embodiment, the flexible section 24b constitutes an ex-
tendible volume element indicated by reference 28.
[0030] The operation of the liquid droplet spray device
according to the second embodiment of the present in-
vention is as follows.
[0031] Similar to the first embodiment, when liquid
droplet spray device D is not being used, the valve, i.e.
valve top 24a, will lie in a first predefined position against
and engage with perforated membrane 2 and seal the
perforations such that no liquid substance that may be
present in cavity 3 can seep through the perforations out
of the device. Thus, independent of the position of the
device, a correct sealing, free of seepage is obtained.
By allowing fluid, such as pressurised air, to enter ex-
tendible volume element 8 via fluid inlet 36, the volume
of this volume element 8 will increase, as the pressu-
rised air will push the flexible sidewalls of the flexible
section 24b of the main valve body 4b so that the valve
top 24a will descend towards a second predefined op-
erational position. Following this movement, liquid sub-
stance may enter the cavity 3 through inlet 6. By acti-
vating the actuator 5, the liquid substance will be atom-
ised and expelled as a spray by traversing the one or
more perforations of perforated membrane 2 in the
same way as described above for the first embodiment.
When cavity 3 has been emptied, the actuator 5 is de-
activated and fluid inlet 36 is blocked so that extendible
volume element 28 returns to its original state. Due to
this, valve top 24a also returns to its original first state
and thus again seals the perforated membrane thus
avoiding seepage of any liquid substance out of device
D.
[0032] Having described a preferred embodiment of
this invention, it will now be apparent to one of skill in
the art that other embodiments incorporating its concept
may be used. It is felt, therefore, that this invention
should not be limited to the disclosed embodiment, but
rather should be limited only by the scope of the append-
ed claims.
[0033] For example, the same liquid droplet spray de-
vice may generally be used for creating nebulized liq-
uids of different physico-chemical compositions, e.g. us-
ing aqueous or alcoholic or other liquid substances.

Claims

1. Liquid droplet spray device (D) comprising:

- a housing (1) comprising a cavity (3) for con-
taining a liquid substance,

- a perforated membrane (2) having one or more
perforations and covering said cavity (3) such
that said liquid substance may exit the cavity
(3) and the device (D) by traversing the one or
more perforations of said perforated membrane
(2),

- an electromechanical actuation means (5) for
actuating said liquid substance in said cavity (3)
such that said liquid substance undergoes a vi-
bration and contacts the perforated membrane
(2) thereby traversing the one or more perfora-
tions as a liquid droplet spray, and

- obturating means disposed adjacent said per-
forated membrane,

characterised in that
said obturating means comprises:

- a fluid inlet (16, 36) for receiving a fluid or a gas,
- an extendible volume element (8, 28), and
- a hydrodynamic valve (4, 24), which, in a first

position, is in close contact with said perforated
membrane (2) so as to obturate each of the one
or more perforations of said perforated mem-
brane (2) when said device is not in use, and
which, in a second position, is removed from
said perforated membrane (2), thereby allow-
ing said liquid substance to contact said perfo-
rated membrane (2) and to exit said device (D)
by traversing the one or more perforations,

whereby, when said fluid or gas enters said fluid in-
let (16, 36), said extendible volume element (8) ex-
tends in volume such that it urges said hydrodynam-
ic valve (4, 24) from said first position to said second
position.

2. Liquid droplet spray device (D) according to claim
1, wherein said perforated membrane (2) is a metal
plate.

3. Liquid droplet spray device (D) according to claim
1 or 2, wherein said device (1) is a portable device.

4. Liquid droplet spray device (D) according to anyone
of the preceding claims, wherein said hydrodynam-
ic valve (4, 24) is a pneumatic valve or a hydraulic
valve.

5. Liquid droplet spray device (D) according to anyone
of the preceding claims, wherein said valve (4, 24)
is elastic.

6. Liquid droplet spray device (D) according to anyone
of the preceding claims, wherein said electrome-
chanical actuation means (5) is a piezoelectric ele-
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ment.

7. Liquid droplet spray device (D) according to anyone
of the preceding claims, wherein said electrome-
chanical actuation means (5) is arranged on said
perforated membrane (2).

8. Liquid droplet spray device (D) according to anyone
of the preceding claims, wherein said device (D) is
a perfume dispenser.

9. Liquid droplet spray device (D) according to anyone
of the preceding claims, wherein said hydrodynam-
ic valve (4, 24) comprises a main valve body (4b,
24b) and a valve top (4a, 24a), said valve top (4a,
24a) being in close contact with said perforated
membrane (2) when said device is not in use.

10. Liquid droplet spray device (D) according to claim
9, wherein said device housing (1) has a central lon-
gitudinal through hole for accommodating said main
valve body (4b).

11. Liquid droplet spray device (D) according to the pre-
ceding claim 10, wherein said obturating means fur-
ther comprises a spring element (10) disposed
around said main valve body (4b) such that it urges
said valve top against said perforated membrane
(2) when said device is not in use.
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