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Description

Field of the invention

[0001] The presentinvention relatesto an aseptic mist-
ing device employing a permanent sonic generator and
a replaceable liquid reservoir and nozzle.

Background of the invention

[0002] Spray and/or misting devices are often used to
delivery cosmetic and general health care liquids. Low
cost systems employ droppers and/or squeeze bottles
with some form of nozzle through which the liquid is
forced to provide a relatively uncontrolled dosage and
droplet size.

[0003] Expensive systems may employ metering
pumps and/or expensive aerosol forming components.
For example, Hseih et al. US 7992800 and Hseih et al.
US Pub. Pat. Appn. No. 20120318260 disclose nebuliz-
ers driven by piezo-electric and/or magnetic drives to
generate an aerosol mist.

[0004] Other examples include The Technology Part-
nership PLC, EP615470B1; Hailes et al., US7550897;
and Brown et al. US7976135, which disclose liquid pro-
jection apparatus employing transducers to project liquid
droplets from an outer face of a nozzle.

[0005] Finally, Terada et al. US6863224; Yamamoto
et al. US6901926; and Esaki et al. US8286629 disclose
ultrasonic liquid atomizing devices.

[0006] Unfortunately, these expensive components
can be contaminated through repeated uses and require
careful cleaning or disposal.

[0007] US 2015014433 A1 relates to systems and
methods for ultrasonic spraying of fluids.

[0008] What is needed is a relatively low cost system
for delivering controlled doses and particle/droplet size
aerosol mists.

Summary of the invention

[0009] Surprisingly, we have found that ultrasonically
atomizing a liquid through submillimeter-sized nozzles
attached to the end of an elongate sonic horn provides
inexpensive aseptic atomization by preventing the liquid
contained in the reservoir from touching the ultrasonic
horn. The invention is defined by the appended claim 1.
[0010] Inone example, a handheld misting device has
a housing having a dispensing window is arranged and
configured to contain a sonic generator, a power source
coupled to the sonic generator, at least one reservoir
containing a liquid, and a conduit extending from the at
least one reservoir to a nozzle removably coupled to the
sonic generator. The sonic generator includes a convert-
er and an elongate horn having a proximal end coupled
to the converter and a distal end, and the nozzle is re-
movably coupled to the distal end of the horn. Thus, the
device delivers the liquid through a delivery opening
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formed in the nozzle, and activating the sonic generator
energizes the liquid in the nozzle to generate an aerosol
plume that is delivered through the dispensing window.

Brief Description of the drawing

[0011]

Fig. 1 is a perspective view of a handheld aseptic
misting device according to one embodiment of the
invention.

Fig. 2 is a side view of the handheld aseptic misting
device of Fig. 1 with the housing removed to show
the interior components.

Fig. 3 is a side view of the disposable cartridge of
the handheld aseptic misting device of Figs. 1 and
2 with the housing removed to show the interior com-
ponents.

Figs. 4A-C are perspective views of various nozzle
and receptacle combinations useful in the handheld
aseptic misting device of Fig. 1.

Fig. 5 is a detailed side view of the distal end of the
sonic horn having surface features to prevent unde-
sired misting of liquids that may migrate to the distal
end of the horn.

Fig. 6is a perspective view of elements of a handheld
aseptic misting device according to a second em-
bodiment of the invention

Fig. 7 is a schematic cross-section of a handheld
aseptic misting device according to a third example.
Fig. 8 is a schematic cross-section of a handheld
aseptic misting device according to a fourth example.

Detailed Description of the Preferred Embodiments

[0012] The present invention relates to a handheld
sonic misting device that is more economical than con-
ventional sonic misting devices, because the relatively
expensive sonic generator and horn are isolated from
liquids dispensed by the misting device. Thus, the misting
device can be replenished with liquids without significant
build-up of liquids on the horn.

[0013] In one form of the device, a conduit delivers the
liquid to be dispensed to the tip of the horn in a system
arranged and configured to direct the liquid away from
the horn, such that the horn is not contaminated by the
liquid and further, subsequent liquids dispensed from the
device are not contaminated by previously dispensed lig-
uids.

[0014] As showninFigs. 1-5, the handheld misting de-
vice 100 (including a sonic generator 200, a liquid delivery
system 300, and an electric power and control system
400) useful to form an aerosol comprising liquid droplets
(referred to herein as a "mist" or "plume") is contained
within a housing 500. The sonic generator 200 includes
a converter 202 and an elongate horn 204 having a prox-
imal end 206 coupled to the converter 202 and a distal
end 208, opposite thereof, visible through an open dis-
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pensing window 502 in the housing 500. The converter
202 is coupled to the electric power and control system
400 through electrical connections, such as wires (not
shown).

[0015] The liquid delivery system 300 includes a col-
lapsible reservoir 302, a conduit 304, anozzle 306 having
atleast one delivery opening 308, and alinear motor 310.
The piston 312 of the linear motor 310 contacts the lower
surface 314 of the reservoir 302 to force liquid out of
reservoir and into conduit 304. The linear motor 310 is
also coupled to the electric power and control system
400 through appropriate electrical connections, such as
wires (not shown). The conduit 304 conducts liquid from
the collapsible reservoir 302 to the nozzle 306, and the
nozzle 306 is physically coupled to the distal end 208 of
the elongate horn 204. The nozzle 306 is arranged and
configured to dispense liquid from the collapsible reser-
voir 302 to the atmosphere through the dispensing win-
dow 502 in the housing 500. The nozzle 306 is protected
during storage by closing the dispensing window 502 with
a cover 504.

[0016] Although the liquid delivery system 300 de-
scribed above includes a collapsible reservoir 302 and a
linear motor 310, one of ordinary skill in the art will rec-
ognize that other systems may be used. The collapsible
reservoir and linear motor provide one solution to the
problem of delivering controlled volumes of liquid from
the reservoir. Alternative systems may also be used. For
example, the same functionality as the reservoir and
pump may be delivered via one or more of the following:
pipette, syringe, squeezable bag, pressure actuated res-
ervoir, and even gravity feed.

[0017] In order to reduce the cost of operation of the
handheld misting device 100 of Figs. 1-5, the housing
500 includes a first, electromechanical section 506
(shown in Fig. 2) that houses components including the
sonic generator 200, the electric power and control sys-
tem 400, and the linear motor 310 of the liquid delivery
system 300, and a second, liquid section 508 (shown in
Fig. 3) that houses the collapsible reservoir 302, conduit
304, and nozzle 306 having at least one delivery opening
(shown as 308a, 308b, 308c in Figs. 4A-4C). As shown
in Fig. 3, the liquid section 508 is a separate, removable
section that can be securely attached to the electrome-
chanical section 506. Alternatively, the liquid section 508
may be an openable compartment in the housing 500
that is arranged and configured to receive replacement
collapsible reservoir 302, conduit 304, and nozzle 306.

[0018] The electric power and control system 400 in-
cludes a power source, such as a rechargeable battery
402, that is electrically connected to an electrical charg-
ing port 404 disposed in the housing 500. The electric
power and control system 400 also includes an on/off
switch 406 and an activation switch 408, both disposed
on the housing 500, and one or more control boards 410.
The power source is preferably replaceable and/or re-
chargeable and may include devices such as a capacitor
or, more preferably, a battery. In a presently preferred
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embodiment, the power source 402 is a rechargeable
battery including, without limitation, lithium-based cells,
including lithium polymer batteries. One example of an
internal power source is a lithium polymer cell providing
a voltage of about 3.7 V that has a capacity of at least
about 200 milliamp hours (mAh).

[0019] The interaction between the nozzle (shown as
306a, 306b, 306c in Figs. 4A-4C) and the distal end 208
of the elongate horn 204 is shown greater detail in Figs.
4A-4C. The nozzle 306 is securely fitted into a receptacle
210 formed in the distal end 208 of the elongate horn
204. This substantial physical coupling permits the noz-
zle 306 to vibrate with the distal end 208 of the elongate
horn 204 to trigger standing waves that are the provide
the ultrasonically driven mist dispensed from the nozzle
306. In preferred embodiments shown in Figs. 4A-4C,
the nozzle 306 extends away from the distal end 208 of
the elongate horn 204 to reduce the likelihood of the liquid
leaking onto and contaminating the distal end.

[0020] In Fig. 4A, the nozzle 306a is substantially cy-
lindrical, comprises a plurality of delivery openings 308a,
and fits into a receptacle 210a at the distal end 208a of
the elongate horn 204.

[0021] In Fig. 4B, the nozzle 306b has a frusto-conical
shape, comprises a single, elongate delivery opening
308b, and fits into a receptacle 210b at the distal end
208b of the elongate horn 204.

[0022] In Fig. 4C, the nozzle 306c has a trapezoidal
cross-section, comprises a substantially rectangular de-
livery opening 308c, and fits into a receptacle 210c at the
distal end 208c¢ of the elongate horn 204.

[0023] The size, shape, number, and arrangement of
delivery opening(s) 308 in the nozzle 306 define the
plume of mist generated by the misting device 100. The
delivery opening(s) 308 are dimensioned to delivery an
aerosol mist. Preferably, each delivery opening has a
maximum dimension (across the opening) of less than
about 200 microns (p.m), more preferably, between about
50 and about 150 uwm. Preferred delivery openings are
generally circular, but one of ordinary skill in the art may
modify this to achieve specifically desired aerosol prop-
erties. The number of delivery openings is selected to
deliver a desired misting flow. Nozzles with one delivery
opening have been shown to produce a useful aerosol
plume, and other nozzles with 6 and 7 openings have
also produced useful aerosol plumes. Therefore, one of
ordinary skill in the art may select from one to more than
ten delivery openings.

[0024] Thedistalend 208 ofthe elongate horn 204 may
have surface features 212 disposed thereon to substan-
tially prevent the formation of a mist from any liquid that
may migrate away from the nozzle 306 and to the distal
end 208 of the elongate horn 204. As shown in Fig. 5,
these surface features 212 have an acute angle with re-
spect to the axis of the horn to prevent any sonic motions
from driving undesired liquids into the plume of liquids
dispensed from the nozzle 306.

[0025] In an alternative embodiment shown schemat-
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ically in Fig. 6, areservoir 302’ feeds a nozzle 306’ having
an opening 310’, e.g., via gravity, through a conduit 304".
Similar to the embodiment of Figs. 1-5, the nozzle 306’
fits into a receptacle 210’ formed in the distal end 208’
ofan elongate horn 204’ of a sonic generator (not shown).
Activating the sonic generator energizes the liquid in the
nozzle 306’ to drive it through the delivery opening 310’
to generate an aerosol plume. In this embodiment, it is
preferred that the height of the liquid column does not
introduce significant flow variation during use and/or
across multiple uses.

[0026] In an alternative embodiment shown schemat-
ically in Fig. 7, a reservoir 1000 feeds a nozzle 1002
having a plurality of delivery openings 1004, e.g., via
gravity, through conduit 1006. Elongate horn 1008 of son-
ic generator 1010 fits into receptacle 1012 proximate the
base 1014 of reservoir 1000 to enable distal end 1016
of elongate horn 1008 to contact a rear wall 1018 of the
nozzle 1002 (opposite the delivery openings 1004). Ac-
tivating the sonic generator 1010 energizes the liquid in
the nozzle 1002 to drive it through the delivery openings
1004 to generate an aerosol plume.

[0027] Inanotheralternative embodiment shown sche-
matically in Fig. 8, a reservoir 1000’ feeds a nozzle in the
form of a cap 1002’ (dimensioned to engage the distal
end of the elongate horn 1008 of the sonic generator
1010) via gravity, through conduit 1006’. Again, the en-
able distal end 1016 of elongate horn 1008 contacts a
rear wall 1018’ of the cap 1002’. Activating the sonic gen-
erator 1010 energizes the liquid in the nozzle 1002’ to
drive it through the delivery openings 1004’ to generate
an aerosol plume 1020.

[0028] One of ordinary skill in the art will recognize the
general assembly of the handheld sonic misting device
of the present invention. However, the interaction of the
following elements is important to consider. First the dis-
tal end of the horn and the nozzle should fit tightly to
minimize energy loss due to inefficient motion transfer
from the horn to the wall of the nozzle opposite the de-
livery openings to minimize heatbuildup and to maximize
control of the resulting aerosol plume. As the elongate
horn is generally metallic, preferably aluminum and/or
titanium, the nozzle should be made out of rigid plastic.
For example in the embodiment of Figs. 1-5, the nozzle
can be formed of metal or engineering plastic and ma-
chined or molded within appropriate tolerances to fit into
the receptacle at the distal end of the elongate horn. A
non-limiting list of useful materials include acetal resins
(such as available from DuPont® Engineering Polymers
under the DELRIN® brand), polyether ether ketones,
amorphous thermoplastic polyetherimide (PEI) resins
(such as available from SABIC under the ULTEM®
brand). In addition, in the embodiments of Figs. 6-8, the
nozzle may be formed integrally with the reservoir and
of the same materials. Alternatively, the nozzle may be
formed from one of the foregoing materials and combined
with a reservoir and/or conduit that are formed of less
expensive and/or more easily handled materials.
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[0029] The housing may be fabricated by plastic injec-
tion molding, or any other suitable technique, and it is
preferably ergonomic and adapted to fit comfortably in a
hand of a user. In a preferred embodiment, the housing
has a maximum linear dimension (length) of up to about
20 cm, more preferably, up to about 15 cm, and most
preferably up to about 10 cm. Preferably, the maximum
dimension perpendicular to the length is 8 cm, more pref-
erably, 5 cm.

[0030] The conduit between the reservoir and nozzle
is preferably sufficiently flexible for ease of manufacture.
Itis, however, preferred that the diameter of the conduit
does not change with the application of pressure to the
reservoir to dispense liquid therefrom. This permits con-
trol of the volume of liquid dispensed in an application of
the aerosol plume.

[0031] Ina preferred embodiment, the liquid section is
removable from the electromechanical section in a man-
ner in which the nozzle is coupleable to the distal end of
the elongate horn. For example, the liquid section (e.g.,
of Fig. 3, or any of Figs. 6-8) may be slidably engageable
with the electromechanical section with the nozzle of
Figs.4A-4C orthelike oriented to slide into the receptacle
ofthe horn. Alternately, the cap 1002’, of the embodiment
of Fig. 8 may snap fit over the distal end of the horn.
[0032] The present invention is useful in the delivery
of aerosol plumes of medication and/or moisturizing so-
lutions in amore sanitary manner than currently provided.
Sonic generation of aerosol plumes can provide very fine
mists, having a droplet size between about 20 and about
60 wm, given by the practical range of frequencies for
the ultrasonic horn between 20kHz and 200kHz. As in-
dicated above, as sonic generators are more expensive
than traditional squeeze and spray bottles, it is important
to separate the expensive and reusable sonic generator
and horns from the relatively inexpensive and potentially
disposable liquid reservoirs. Therefore, in use, a replace-
able liquid section 508, such as shown in Fig. 3, can be
slidably inserted into the electromechanical section 506.
As aresult of this, the distal end 208 of the elongate horn
204 is engaged with the nozzle 306. Any protective cov-
ering (e.g., cover 504) can be removed from the nozzle,
306, and the misting device 100 can be energized.
[0033] To create an aerosol plume, the activation
switch 408 is depressed, and the linear motor 310 drives
the piston 312 to deliver a controlled force on the lower
surface of the reservoir 314. This action forces liquid
through conduit 304 to nozzle 306 and delivery open-
ing(s) 308. This sequence may be repeated until the res-
ervoir is emptied. The now-empty liquid section 508 can
be removed and a new liquid section 508, including a
new nozzle 306, is inserted. The new nozzle is not con-
taminated as a result of the previous use of the misting
device.

[0034] The specification and embodiments above are
presented to aid in the complete and non-limiting under-
standing of the invention disclosed herein. The invention
resides in the claims hereinafter appended.
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Claims

A handheld misting device comprising a housing

Konverter und ein langliches Horn (204), auf-
weisend ein proximales Ende (206), das an den
Konverter gekoppelt ist, und ein distales Ende

(500) having a dispensing window (502) arranged (208);
and configured to contain: 5 b) eine Energiequelle, gekoppelt an den Schall-
generator (300);
a) asonic generator (300) comprising a convert- c) mindestens einen Behélter, der eine Flissig-
erand an elongate horn (204) having a proximal keit enthalt;
end (206) coupled to the converter and a distal d) eine Leitung (304), die sich von dem mindes-
end (208); 10 tens einen Behalter zu einer Diise (306) er-
b)a power source coupled to the sonic generator streckt, die entfernbar mit dem distalen Ende
(300); (208) des Horns (204) gekoppeltist, umdie Flis-
c) at least one reservoir containing a liquid; sigkeit durch eine in der Dise (306) ausgebil-
d) a conduit (304) extending from the at least dete Zuflihroffnung (308) zuzufiihren, wobei ein
one reservoir to a nozzle (306) removably cou- 15 Aktivieren des Schallerzeugers (300) die Flis-
pled to the distal end (208) of the horn (204), to sigkeit in der Dise (306) energetisiert, um eine
deliver the liquid through a delivery opening Aerosolwolke zu erzeugen, die durch das Ab-
(308) formed in the nozzle (306), whereby acti- gabefenster (502) zugefiihrt wird;
vating the sonic generator (300) energizes the
liquid in the nozzle (306) to generate an aerosol 20 dadurch gekennzeichnet, dass
plume that is delivered through the dispensing das distale Ende (208) des Horns (204) eine darin
window (502); ausgebildete Aufnahme aufweist, und wobei die DU-
se (306) entfernbar in die in dem distalen Ende (208)
characterized in that the distal end (208) of the horn des Horns (204) ausgebildete Aufnahme eingesetzt
(204) has a receptacle formed therein and wherein 25 ist.
the nozzle (306) is removably inserted into the re-
ceptacle formed in the distal end (208) of the horn Handvernebelungsvorrichtung nach Anspruch 1,
(204). wobei das Gehause (500) einen elektromechani-
schen Abschnitt und einen Flissigkeitsabschnittum-
The handheld misting device of Claim 1 wherein the 30 fasst.
housing (500) comprises an electromechanical sec-
tion and a liquid section. Handvernebelungsvorrichtung nach Anspruch 2,
wobei der Flissigkeitsabschnitt angeordnet und
The handheld misting device of Claim 2 wherein the ausgestaltetist, sicher an dem elektromechanischen
liquid section is arranged and configured to be se- 35 Abschnitt anbringbar zu sein.
curely attachable to the electromechanical section.
Handvernebelungsvorrichtung nach Anspruch 3,
The handheld misting device of Claim 3 wherein the wobei der Flissigkeitsabschnitt wegwerfbar ist.
liquid section is disposable.
40 Handvernebelungsvorrichtung nach Anspruch 1,
The handheld misting device of Claim 1, wherein the wobeider mindestens eine die Flissigkeit enthalten-
atleast one reservoir containing the liquid comprises de Behalter einen zusammenlegbaren Behalter um-
a collapsible reservoir coupled to a linear motor to fasst, gekoppeltan einen Linearmotor, um die Zufuhr
control delivery of the liquid through the conduit (304) der Flissigkeit durch die Leitung (304) zu der Dise
to the nozzle (306). 45 (306) zu regeln.
The handheld misting device of Claim 3 wherein the Handvernebelungsvorrichtung nach Anspruch 3,
liquid section is arranged and configured for slidable wobei der Flissigkeitsabschnitt fir ein gleitbares
engagement with the electromechanical section. Eingreifen mit dem elektromechanischen Abschnitt
50

angeordnet und ausgestaltet ist.

Patentanspriiche
Revendications
1. Handvernebelungsvorrichtung, umfassend ein Ge-
hause (500) mit einem Abgabefenster (502),dasan- 55 1.
geordnet und ausgestaltet ist, zu beinhalten:

Nébuliseur portatif comprenant un boitier (500)
ayant une fenétre de distribution (502), agencé et
configuré pour contenir :

a)einen Schallerzeuger (300), umfassend einen
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a) un générateur acoustique (300) comprenant
un convertisseur et un émetteur allongé (204)
ayant une extrémité proximale (206) couplée au
convertisseur et une extrémité distale (208) ;
b) une source d’énergie couplée au générateur
acoustique (300) ;

C) au moins un réservoir contenant un liquide ;
d) un conduit (304) s’étendant depuis I'au moins
un réservoir jusqu’a une buse (306), couplé de
maniére amovible a I'extrémité distale (208) de
I'émetteur (204), pour délivrer le liquide a travers
une ouverture de distribution (308) formée dans
la buse (306), moyennant quoi I'activation du
générateur acoustique (300) excite le liquide
dans la buse (306) pour générer un panache
d’aérosol qui est délivré a travers la fenétre de
distribution (502) ;

caractérisé en ce que

I'extrémité distale (208) de I'émetteur (204) a un ré-
ceptacle formé en son sein et la buse (306) est in-
sérée de maniére amovible dans le réceptacle formé
dans I'extrémité distale (208) de I'émetteur (204).

Nébuliseur portatif selon la revendication 1, le boitier
(500) comprenant une section électromécanique et
une section liquide.

Nébuliseur portatif selon la revendication 2, la sec-
tion liquide étant agencée et configurée de maniére
a pouvoir étre fixée de maniére slre a la section
électromécanique.

Nébuliseur portatif selon la revendication 3, la sec-
tion liquide étant jetable.

Nébuliseur portatif selon la revendication 1, l'au
moins un réservoir contenant le liquide comprenant
un réservoir repliable couplé a un moteur linéaire
pour commander la distribution du liquide a travers
le conduit (304) vers la buse (306).

Nébuliseur portatif selon la revendication 3, la sec-
tion liquide étant agencée et configurée pour un en-
gagement coulissant avec la section électromécani-
que.
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